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THE ASSOCIATION. 


OBJECTS. 

The Association contemplates no interference with the ground occupied by 
other institutions. Its objects are : — To give a stronger impulse and a more 
systematic direction to scientific inquiry, — to promote the intercourse of those 
who cultivate Science in different parts of the British Empire, with one 
another and with foreign philosophers, — to obtain a more general attention 
to the objects of Science, and a removal of any disadvantages of a public kind 
which impede its progress. 


RULES. 

Admission of Members and Associates, 

All persons who have attended the first Meeting shall be entitled to be- 
come Members of the Association, upon subscribing an obligation to con- 
form to its Rules. 

The Fellows and Members of Chartered Literary and Philosophical So- 
cieties publishing Transactions, in the British Empire, shall be entitled, in 
like manner, to become Members of the Association. 

The Officers and Members of the Councils, or Managing Committees, of 
Philosophical Institutions shall be entitled, in like manner, to become Mem- 
bers of the Association. 

All Members of a Philosophical Institution recommended by its Council 
or Managing Committee shall be entitled, in like manner, to become Mem- 
bers of the Association. 

Persons not belonging to such Institutions shall be elected by the General 
Committee or Council, to become Life Members of the Association, Annual 
Subscribers, or Associates for the year, subject to the approval of a General 
Meeting. 

Compositions,, Subscriptions, and Privileges. . 

Life Members shall pay, on admission, the sum of Ten Pounds. Th( y 
shall receive gratuitously the Reports of the Association which may be pub- 
1873 . h 
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lislied after tlio date of such payment. They arc eligible to all the offices 
of the Association. 

AK^^UAL SuBscKiiiEKS shall pay, on admission, the sum of Two Pounds, 
and in each following year the sum of One Pound. They shall receive 
f/rafuitoushf the Peports of the Association for the year of their admission 
and for the yeai’s in which they continue to 2)ay tvifhout inter7nission their 
Annual 8ubsci iption. By omitting to pay this Subscri 2 )tion in any particu- 
lar year, Members of this class (Annual Subscribei*s) lose for that and all 
future iiears the 2)rivilege of receiving the volumes of the Association gratis: 
but they may resume their Membersliip and other privileges at any sub- 
sequent Meeting of the Association, ])aying on each such occasion the sum of 
One Pound. They are eligible to all the ()ffi(*es of the Association. 

Associates for the year shall pay on admission the sum of One Pound. 
They shall not receive gratuitoushj the Ihqmrts of the Association, nor be 
eligible to serve on Committees, or to hold any office. 

The Association consists of the following classes : — 

1. life Members admitted from IS^U to 1845 inclusive, who have paid 
on admission Five Pounds as a composition. 

2. Life Members who in I84b, or in subsequent years, have j^aid on ad- 
mission Ten Pounds as a composition. 

3. Annual MemlxTs admitk'd from 182>1 to 18.31) inclusive, subjeef to the 
I)ayment of One Pound annually. [May resume their Membership after in- 
termission of Annual Payment. ’| 

4. Annual Members achnitted in any year since 1839, subject to the pay- 
ment of Two Pounds for the first ja'ar, and One Pound in t'ach following ^x^ar. 
[May resume their Membership after intermission of Annual Payment.] 

5. Associates for the year, siibj(‘ct to the ])ayment of One Pound. 

(). CoiTes])onding Members nominated by the C^aincil. 

And the Members and Asso('iat(‘s will bo entitled to receive the annual 
volume of Ile 2 )orts, gratis, or to ]>urrhase ii at reduced (or Members’) i)nco, 
according to the following si)ecification, viz. : — 

1. Gi^atis , — Old Life Members who have paid Five Pounds as a compo- 

sition for Annual P.ayments, and previous to 1845 a further 
sum of Two Pounds as a Book 8ubscri])tion, or, since 1845, a 
further sum of P'ive Jkamds. 

New Life Mc'mbers who have paid Ten Pounds as a composition. 

Annual Members who have not intermitted their Annual Sub- 
scription. 

2. At 7'edueed or Mendurs^ Prices, viz. two thirds of the Publication 

Price. — Old Life Members wlio have paid Five Pounds as a 
composition for Annual Payments, but no further sum as a 
Book Subscri])tion. 

Annual Members who have intermitted their Annual Subscription. 

Associates for the year. [Privilege confined to the volume for 
that year only.] 

3. Members may purchase (for the purpose of com])leting their sets) any 

of the first seventeen volumes of Transactions of the Associa- 
tion, and of which more than 100 copies I'cmahi, atone third of 
the Publication Price. Application to be made at the Office 
of the Association, 22 Albemarle Btreet, London, W. 
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Volumes not claimed within two j^ears of the date of publication can only 
bo issued by direction of the Council. 

Subscriptions shall be received by the Treasurer or Secretaries, 


Meetings. 

The Association shall meet annually, for one week, or longer. The place 
of each Meeting shall be aj)j)ointed by the (loneral Committee two years in 
advance ; and the Arrangements for it shall be entrusted to the Ohicers of 
the Association. 


General Committee. 

The General Committee shall sit during the W(!ek of the Meeting, or 
longer, to transact tiie business of the Association. It shall consist of the 
following persons : — 

Class A. Permanent Members. 

1. Members of the Council, Presidimts of the Association, and Presidents 
of Sections for tlie lUT'sc nt and preceding years, with Authors of lleports in 
the Transactions of the Association. 

2. Members who by the publication of Works or Paj)ers have furthered 
the advaneeimmt of those subjects which are taken into consideration at the 
Sectional Meetings of the Association. TP//7/, a victv of svbntittwg neiv claims 
Viidcr this Huh to the decision of the Council, they must he sent to the Assistant 
General S<crctary at least one month before the Meeting of the Association. 
The diilsion of the Coiruc'd on the claims of any Member of the Association to 
he ^daccil on the list of the Gnural Co'ihmittee to he final. 

Class B. Temporary Members. 

1 . The President for the time being of any KScien title Society publishing Trans- 
actions 03’, in his absence, a delegate representing him. Claims under this Huh 
to be Sint to the Assistant Gtncral iSecretary before the opc'ning of the Meeting. 

2. Othce-beurers for the time being, or delegates, altogether not exceeding 
three, fiom Scientific Institutions established in the place of ^Meeting. 
Claims under this Hide to be a^gtroved by the Local Secretaries before the 
opening of the Meeting. 

J3. Foreigners and other individuals A\hose assistance is desired, and who 
are specially nominated in writing, for the Meeting of the year, by the Pre- 
sident. and General Secretaries. 

4. Vice-Presidents and Becretarics of {Sections. 


Organizing Sectional Committees^. 

The Presidents, Vice-Presidents, and F'ccretarics of the several Sections 
are nominated by the Council, and have power to act until their names arc 
submitted to the General Committee for election. 

From the time of their nomination they constitute Organizing Committees 
for the purpose of obtaining information upon the Memoirs and Beports 
likely to be submitted to the Sections f, and of preparing Eeports thereon, 

* Passed by tlie General Committee, Edinburgh, 1871. 

t Notice to Contritmtors of M(7noirs.— Authors are reminded that, under an arrangci- 
ment dating from 1871, the acceptance of Memoirs, and the days on which they are to be 

b 2 
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and on the order in which it is desirable that they should be read, to be pre- 
sented to the Committees of the Sections at their first Meeting. 

An Organizing Committee may also hold such preliminary Meetings as the 
President of the Committee thinks expedient, but shall, under any circum- 
stances, meet on the first Wednesday of the Annual Meeting, at 11 a.m., to 
settle the terms of their lleport, after which their functions as an Organizing 
Committee shaE cease. 


Constitution of the Sectional Committees^. 

On the first day of the Annual Meeting, the President, Vice-Presidents, 
and Secretaries of each Section having been appointed by the General Com- 
mittee, these Officers, and those previous Presidents and Vice-Presidents of 
the Section who may desire to attend, are to meet, at 2 r.M., in their Com- 
mittee Rooms, and enlarge the Sectional Committees by selecting individuals 
from among the Members (not Associates) present at the Meeting whose as- 
sistance they may particularly desire. The Sectional Committees thus con- 
stituted shall have power to add to their number from day to day. 

The List thus formed is to be entered daily in the Sectional Minute-Book, 
and a copy forwarded without delay to the Printer, who is charged with 
publishing the same before 8 a.m. on the next day, in the Journal of the 
Sectional Proceedings. 


Business of the Sectional Committees* 

Committee Meetings are to be held on the Wednesday at 2 r.M., on the 
following Thursday, Friday, Saturday, Monday, and Tuesday, from 10 to 
11 A.M., punctually, for the objects stated in the Rules of the Association, 
and specified below. 

The business is to be conducted in the following manner : — 

At the first meeting, one of the Secretaries will read the Minutes of last 
year’s proceedings, as recorded in the Minute-Book, and the Synopsis of 
Recommendations adopted at the last Meeting of the Association and printed 
in the last volume of the Transactions. He will next proceed to read the 
Report of the Organizing Committee f. The List of Communications to be 
read on Thursday shall be then arranged, and the general distribution of 
business throughout the w^eek shall be provisionally appointed. At the close 
of the Committee Meeting the Secretaries shall forward to the Printer a List 
of the Papers appointed to be read. The Printer is charged with publishing 
the same before 8 a.m. on Thursday in the Journal. 

On the second day of the Annual Meeting, and the following days, the 


read, are now as far as possible determined by Organizing Committees for the several 
Sections before the beginning of the Meeting. It has therefore become necessary, in order 
to give an opportunity to the Committees of doing justice to the several Communications, 
that each Author should prepare an Abstract of his Memoir, of a length suitable for in- 
sertion in the published Transactions of the Association, and that he should send it, toge- 
ther with the original Memoir, by book-post, on or before addressed 

thus — “ G-oneral Secretaries, British Association, 22 Albemarle Street, London, W. For 

Section If it should be inconvenient to the Author that his Paper should be read 

on any particular days, he is requested to send information thereof to the Secretaries in a 
separate note. 

* Passed by the General Committee, Edinburgh, 1871. 

t This and the following sentence were added by the General Committee, 1871. 
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Secretaries are to correct, on a copy of the Journal, the list of papers which 
have been read on that day, to aM to it a list of those appointed to bo read 
on the next day, and to send this copy of the Journal as early in the day as 
possible to the Printers, who are charged with printing the same before 8 am, 
next morning in the Journal. It is necessary that one of the Secretaries of 
each Section should call at the Printing Office and revise the proof each 
evening. 

Minutes of the proceedings of every Committee are to be entered daily in 
the Minute-Book, which should be confirmed at the next meeting of the 
Committee. 

Lists of the Eeports and Memoirs read in the Sections are to be entered 
in the Minute-Book daily, which, with all Memoirs and Copies or Abstracts 
of Memoirs furnished by Authors, are to he forwarded, at the close of the SiC- 
tionnl Meetings, to the Assistant General Secretary. 

The Vice-Presidents and Secretaries of Sections become ex officio temporary 
Members of the General Committee (vide p. xix), and will receive, on ap- 
plication to the Treasurer in the lleception Boom, Tickets entitling them to 
attend its Meetings. 

The Committees will take into consideration any suggestions which may 
be offered by their Members for the advancement of Science. They are 
specially requested to review the recommendations adopted at preceding 
Meetings, as published in the volumes of the Association and the communi- 
cations made to the Sections at this Meeting, for the purposes of selecting 
definite points of research to which individual or combined exertion may bo 
usefully directed, and branches of knowledge on the state and progress of 
which Beports are wanted ; to name individuals or Committees for the exe- 
cution of such Beports or researches ; and to state whether, and to what d(*- 
gree, these objects may be usefully advanced by the appropriation of the 
funds of the Association, by application to Government, Philosophical Insti- 
tutions, or Local Authorities. 

In case of appointment of Committees for special objects of Science, it is 
expedient that all Members of the Committee should be named, and one of 
them appointed to act as Secretary, for insuring attention to btisiness. 

Committees have power to add to their number persons whose assistance 
they may require. 

The recommendations adopted by the Committees of Sections are to be 
registered in the Forms furnished to their Secretaries, and one Copy of each 
is to be forwarded, without delay, to the Assistant General Secretary for pre- 
sentation to the Committee of Becommendations. Unless this he done, the 
Recommendations cannot receive the sanction of the Association. 

N.B . — Becommendations which may originate in any one of the Sections 
must first be sanctioned by the Committee of that Section before they can be 
referred to the Committee of Becommendations or confirmed by the General 
Committee. 


Notices Regarding Grants of Money, 

Committees and individuals, to whom grants of money have been entrusted 
by the Association for the prosecution of particular researches in Science, 
are required to present to each following Meeting of the Association a Beport 
of the progress which has been made ; and the Individual or the Member first 
named of a Committee to whom a money grant has been made must (pre- 
viously to the next meeting of the Association) forward to the General 
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Secretaries or Treasurer a statement of tlio sums which have been oxpcntled, 
and the balance which remains disposable on each grant. 

Grants of money sanctioned at any one meeting of the Association expire 
a week before the opening of the ensuing Meeting; nor is the Treasurer 
authorized, after that date, to allow any claims on account of such grants, 
unless they be renewed in the original or a modified form by the General 
Committee. 

No Committee shall raise money in the name or under the auspices of the 
British Association without special permission from the General Committee 
to do so ; and no money so raised shall be expended except in accordance 
^vith the rules of the Association. 

In each Committee, the Member first named is the only person entitled to 
call on the Treasurer, W. Spottiswoode, Es(|., 50 Grosvenor Place, London, 
S.W., for such portion of the sums granted as may from time to time be 
required. 

In grants of money to Committees, the Association does not contemjilute 
the payment of personal expenses to the members. 

In all cases where additional grants of money are made for the continua- 
tion of Besearches at the cost of the Association, tlie sum named is deemed 
to include, as a part of the amount, whatever balance may remain unpaid on 
the former grant for the same object. 

All Instruments, Papers, Drawings, and other property of the Association 
are to be deposited at the Office of the Association, 22 Albemarle Street, 
Piccadilly, London, W., when not employed in carrying on scientific inquiries 
for the Association. 


Business of the Sections. 

The Meeting Boom of each Section is opened for conversation from 1 0 to 
1 1 daily. The Section Rooms awl a 2 ) 2 -) roaches thereto can he used for no notices, 
exhibitions, or other 2 >ur 2 wses than those of the Association. 

At 11 precisely the Chair will be taken, and the reading of communica- 
tions, in the order previously made public, be commenced. At 3 p.m. the 
Sections will close. 

Sections may, by the desire of the Committees, divide themselves into 
Departments, as often as the number and nature of the communications de- 
livered in may render such divisions desirable. 

A lloport presented to the Association, and read to the Section which 
originally called for it, may be read in another Section, at the request of the 
Officers of that Section, with the consent of the Author. 


Duties of the Doorkeepers. 

1 . — To remain constantly at the Doors of the Booms to which they are ap- 

pointed during the whole time for which they are engaged. 

2. — To require of every person desirous of entering the Booms the exhibi- 

tion of a Member's, Associate s or Lady’s Ticket, or Beporter’s Ticket 
signed by the Treasurer, or a Special Ticket signed by the Assistant 
General Secretary. 

3. — Persons unprovided with any of these Tickets can only be admitted to 

any particular Boom by order of the Secretary in that Boom. 

No person is exempt from these Buies, except those Officers of the Asso- 
ciation whose names are printed in the Programme, p. 1. 
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Duties of the Messengers. 

To remain constantly at the Rooms to which they are appointed, during 
the whole time for which they are engaged, except when employed on mes- 
sages by one of the Officers directing these Rooms. 


Committee of Recommendations, 

The (feneral Committee shall appoint at each Meeting a Committee, which 
shall receive and consider the Recommendations of the Sectional Committees, 
and report to the General Committee the measures which they would advise 
to be adopted for the advancement of Science. 

All Recommendations of Grants of Money, Requests for Special Researches, 
and Reports on Scientific Subjects shall be submitted to the Committee of 
R(iCommendations, and not taken into consideration by the General Committee 
unless previously recommended by the Committee of Recommendations. 


Local Committees, 

Local Committees shall be form^^d by the Officers of the Association to 
assist in making arrangements for the Meetings. 

Local Committees shall have the power of adding to their numbers those 
Members of the Association whose assistance they may desire. 


Officers, 

A President, two or more Yice- Presidents, one or more Secretaries, and a 
Treasurer shall be annually appointed by the General Committee. 


Council, 

In the intervals of the Meetings, the affairs of the Association shall be ma- 
naged by a Council appointed by the General Committee. The Council may 
also assemble for the despatch of business during the week of the Meeting. 


Papers and Communications, 

The Author of any paper or communication shall be at liberty to reserve 
his right of property therein. 

Accounts, 

The Accounts of the Association shall be audited annually, by Auditors 
appointed by the General Committee. 
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REPORT 1873. 


Presidents and Secretaries of the Sections of the Association. 


Date and Place. Presidents. Secretaries. 


MATHEMATICAL AND PHYSICAL SCIENCES. 


COMMITTEE OF SCIENCES, 1. MATHEMATICS AND GENERAL IMIYSICS. 

1832. Oxford Davies Gilbert, D.C L., F.R.S....jRev. II. Coddington. 

1833. Cambridge Sir D. llrewster, F.R.S Prof. Forbes. 

1834. Edinburgh Rev. W. Whewell, F.R.S |Prof. Forbes, Prof. Lloyd. 

SECTION A.— MATHEMATICS AND PHYSICS. 

1835. Dublin Rev. Dr. Robinson Prof. Sir W. R. Hamilton, Prof, 

; Wheatst.ono. 

1830. Bristol Rev. William Wlunvell, F.R S Prof. Forbes, W. S. Ilarri.s, F. W. 

Jerr.ird. 

1837- Liverpool .. Sir D. Brewster, F.R.S W. S. Harris, Rev. Prof. Powell, Prof. 

Stevelly. 

1838. Newcastle.. Sir J. F. W. Ilersehel, Bart., Rev. Prof. Chevallier, Major Sabine, 
F.R.S. Prof. Stevelly. 

183b. Birmingham Rev. Prof. Whewell, F.R.S J. D. Chance, W. Snow Ilarri.s, Prof. 

Stevelly. 

1840. Glasgow . Prof. Forbc.s, F.R.S Rtw. Dr. Forbes, Prof. Stevelly, Arch. 

Smith. 

1841. Plymouth . Rev. Prof. Lloyd, F.R.S Prof. Stevidly. 

1842. Manchester Very Rev. G. Peacock, D.D., Prof. M‘(hiiloch, Prof. Stevelly, Rev. 

F.R.S. W. Score.sby. 

1843. Cork Prof. M'Culha’h, M.R.T.A »T. Nott, Ih’of. Stevelly. 

1844. York The Earl of Fosse, F.R.S Rev. Win I ley. Prof. Stevelly. 

1845. Cambridge. . The Very Rev. the Dean of Ely . Rc*v. H. Goodwin, Prof. Stevelly, G. 

G. Stokes. 

1840. Soutliampton Sir John F. W. ITenseliel, Bart., John Drew, Dr. Stevelly, G. G. 
F.R.S. Stokes. 

1847. Oxford Rev. Prof. Powell, M.A., F.R.S. . Rev, II. Price, Prof. Stevelly, G. G. 

Stokes. 

1848. Swansea . .. Lord Wrotteslcy, F.RS Dr. Stcxclly, G. G. Stokes. 

184b. Birmingham William Hopkims, F.R.S Prof. Stevelly, G. G. Stokes, W. 

Ridout AVills. 

1850. Edinburgh .. Prof. J, D. Forbes, F.R.S., See. W. J. Maoquorn Rankino, Prof. 

R.S.E. Smyth, Prof. Stevelly, Prof. G. G. 

Stores. 

1851. Ipswich Rev. W. Whewell, D.I)., F.R.S., S. Jackson, W. J. Mnequorn Rankine, 

&c. Prof. Stevelly, Prof. G. G. Stokes. 

1852. Belfast Prof. W. Thomson, M.A., F.R.S. Prof. Dixon, W. J. Maequorn Ran- 

L. & E. kirie. Prof. Stevelly, J. Tyndall. 

1853. Hull The Dean of Ely, F.R.S B. Blaydes Haworth, J. D. Sol lilt, 

Prof. Stevelly, J. Welsh. 

1854. Liverpool... Prof. G. G. Stoke.s, M.A., Sec. J. Hartniip, H. G. Puckle, Prof. 

R.S. Stevelly, J. Tyndall, J. Welsh. 

1855. Glasgow . . Rev. Prof. Kclland, M.A., F.R.S. Rev. Dr. Forbes, Prof. D. Gray, Prof. 

L. & E. Tyndall. 

1850. Cheltenham Rev. R. Walker, M. A., F.R.S. ...C. Brooke, Rev. T. A. Southwo(/d, 

Prof. Stevelly, Rev. J. C. Turnbull. 
1857. Dublin Rev.T. R. Robinsoii,D.D.,F.R.S., Prof. Curtis, Prof. Ilennessy, P. A. 

M. R.l.A. Ninnis, W. J. Maequorn Rankine, 

Prof. Stevelly. 
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Daio and Place. PrcHidents. Secretaries. 

1858. Leeds Ecv. W.Wbewell, D.D., V.P.E.S. Kev. S. Earnshaw, J. P. Hennessy, 

Prof. Stevelly, II. J. S. Smith, Prof, 
'l^ndall. 

1851). Aberdeen ...The E»rl of Eossc, M.A., K.P., J. P.IIennessy, Prof. Maxwell, H. J.S. 
FES. Smith, Prof. SUwelly. 

18(>(). Oxford Eev. E. Price, M.A., F.E.S Eev. G. C. Eell, Ecv. T. Eennison, 

I Prof. Stevelly. 


18G1. Manchester . a B. Airy, M.A., D.C.L., F.E.S. Prof. E. B. Clifton, Prof. H. J. S. 

Smith, Prof. Sievelly. 

180!2. Cambrid/:^e .. Prof. G. G. Stokes, M. A., F.E.S. Prof. R. B. Clifton, Prof. 11. J. S. 

Smith, Prof. Stevelly. 

1805. Newcastle.. Prof. W. J. I^Iaequorri Eankine, Eev. N. Ferrers, Prol. Fuller, F.Jenkin, 
C.h., F.E.S. Prof. Steveliy, Rev. C. T. Whitley. 

1801. Bath Prof. Cayley, M.A., F.E.S., Prof. Fuller, F. Jenkin, Eev. G. 

1 F R.A.S. Buckle, Prof. Stevelly. 

1805. Birmingham W. Spottiswoode, M.A., F.E.S., Rev. T N. Hutchinson, F’. Jenkin, G. 

I J'\R.A.S. S. Mathews, Prof. II. J. S. Smith, 

I J. M. Wilson. 

1800. Nottingham Prof Wheatstone, D.C.L., F.E.S.iMeeming Jenkin, Prof. II. J. S. Smith, 


I 1 Eev. S. N. Swann. 

1807. Dundee Prof. Sir W. Thom.son, D.C.L , Eev. G. Buckle, Prof. G. C. Foster, 

I F E.S. I Prof. Fuller, J’rof. Swan. 

1808 Norwich .. 'Prof. J. Tyndall, liL.D., F.E.S... |Prof. G. C. Foster, Rev. E. Harley, 
I j E. B. Hayward. 

1800. Exeter ... Prof. J. J. Sylvester, LL.D., Prof. G. C. Foster, E. B. Hayward, 


I F.R.S. I W. K. Clifford. 

1870. Liverjiool J. f 'lerk Maxwell, M A., LL D., Prof. W. G. Adams, W. E Clifford, 

I F.E.S. I Prof G. C. Foster, Eev. W. Allen 

I ' Whitworth. 

1871. Edinburgh . IVof. P. G. Tait, F.E.S.E Prof. W. G. Adams, J. T. Bottomley, 

I ■ i Prof. W. K. C'hfford, Prof. J. D. 

I ! Everett, Eev. E. Harley. 

1872 Brighton .. 'W. De La Rue, D.C.L , F.E.S... Prof W. X.tnifford, J. W.‘L. Glaisher, 

I ! I’rof. A. S. Herschel, G. F. Rod well. 

1873. Bradford ...iProf. H. J. S. Smith, F.E.S Prof. W. K. Clifford, Prof. Forbes, J. 

I j W. L. G laisher. Prof. A. S. Hergchel. 

CHEMICAL SCIENCE. 

COMMITTEE OF SCIENCES, II. — CIIEMTSTUT, MINEEAIXIGY. 

18.*>2. Oxford . .. jJohn Dalton, D (\L,, V E S I.Tamoa F. W. Johnston. 

18.‘)5. ('ambridge..lJohn Dalton, D.Ck L., F.E S... . | Prof. Miller. 

1854. Edinburgh .. Dr. Hojie Mr. Johnston, Dr. Christison. 

SECTION 11. CHEMISTRY AND MINERALOGY. 

18.55. Dublin .... Dr. T. J'hoinson, F.E.S Dr. Apjohn, Prof. Johnston. 

185)0. Bristol .... Rev. Prof. Cumming Dr. Apjohii, Dr. C. Henry, W. Hera- 

path. 

1857. Liverpool.. Michael Faraday, F.R.S Prof. Johnston, Prof. Miller, Dr. 

Reynolds. « 

1858. Newcastle.. Rev.Mh'lliam Whewell, F.R.S.... Prof. Miller, E. L. Paltinson, Thomas 

Richardson. 

185)0. Birmingham Prof. T. Graham, F.R.S Golding Bird, M.D., Dr. J. B. Melson. 

1840. Glasgow ... Dr. Thomas Thomson, F.E.S. .. Dr. E. D. Thom.son, Dr. T. Clark, 

Dr. L. Playfair. 

1841. Plymouth.. Dr. Daubeny, F.E.S J. Prideaux, Robert Hunt, W. M. 

Tweedy. 

1842. Manchester. John Dalton, D.C.L,, F.E.S Dr. L. Playfair, E. Ilupt, J. Graham. 

1815. CWk Prof. Apjohn, M.E.T A E. Hunt, Dr. Sweeny. 

1844. York Prof. T. Graham, F.E.S Dr. E. Playfair, E. Solly, T. IT. Barker. 

1845. Cambridge.. Eev. Prof. Cum in ing R. Hunt, J. P. Joule, Prof. Miller 

E. Solly. 
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1846. Southampton Michael Faraday, D.C.L., F.R.S. Dr. Miller, E. Hunt, W. Eandall. 

1847. Oxford Rev.W.V.Harcourt, M.A., F.R.S. B. C. Brodie, R. Hunt, Prof. Solly. 

1848. Swansea ... Richard Pliillips. F.R.S T. H. Henry, R. Hunt, T. Williams. 

1849. Birmingham John Percy, M.D., F.R.S R. Hunt, G. Shaw. 

1850. Edinburgh .Dr. Christison, V.P.R.S.E Dr. Anderson, R. Hunt, Dr. Wilson. 

1851. Ipswich ... Prof. Thomas Graham, F.R.S — T. J. Pearsall, W. S. Ward. 

1852. Belfast Thomas Andrews, M.D., F.R.S. . Dr. Gladstone, Prof. Hodges, Prof. 

Ronalds. 

1855. Hull Prof. J. F. W. Johnston, M.A.,|H. S. Blundell, Prof. R. Hunt, T. J. 

j F.R.S. j Pearsall. 

1854. Liyerpool ...|Prof. W. A. Miller, M.D , F.R.S. Dr. Edwards, Dr. Gladstone, Dr. Price. 

1855. Glasgow ...Dr. Lyon Playfair, C.B., F.R.S. .IProf. Frankland, Dr. 11. E. Roseoe. 

1856. Cheltenham Prof. B. C. Brodie, F.R.S J. Horsley, P. J. Worsley, Prof. 

Voelekcr. 

1857. Dublin 'Prof. Apjohn, M.D., F.R.S., Dr. Davy, Dr. Gladstone, Prof. Sid- 

i M.R.I.A. livan. 

1858. Leeds Sir J. F. W. Herschel, Bart., Dr. Gladstone, W. Odling, R. Rey- 

D.C.L. Holds. 

1859. Aberdeen ... Dr. Lyon Playfair, C.B., F.R.S. . J. S. Brazier, Dr. Gladstone, G. D. 

Livcing, Dr. Odling. 

1860. Oxford Prof. B. C. Brodie, F.R.S A. Vernon Harcourt, G. D. Liveing, 

A. B. Nortlicote. 

1861. Manchester. Prof. W. A. Miller, M.D., F.R.S. A. Vernon Harcourt, G. D. Liveing. 

1862. Cambridge .iProf. W. A. Miller, M.D., F.R.S. H. W. Elpliinstone, W. Odling, Prof. 

Roseoe. 

1863. Newcastle .. Dr. Alex. W. Williamson, F.R.S. Prof. Liveing, H. L. Pattinson, J. C. 

Stevenson. 

1864. Bath W. Odling, M.B., F.R.S., F.C.S. A. V. Harcourt, Prof. Liveing, R. 

Biirgs 

1865. Birmingham Prof. W. A. Miller, M.D.,V.P.R.S. A. V. Harcourt, H. Adkins, Prof. 

Wanklyn, A. Winkler Wills. 

1866. Nottingham H. Bence Jones, M.D., F.R.S. .. J. H. Atherton, Prof. Liveing, W. J. 

Russell, J. White. 

1867. Dundee ... Prof. T. Anderson, M.D.,F.R.S.E. A. Crum Brown, Prof. G. D. Livcing, 

W. J. Russell. 

1868. Norwich ... Prof.E .Frankland, F.R.S., F.C.S. Dr. A. Crum Brown, Dr. W. J. Rus- 

.sell, F. Sutton. 

1869. Exeter Dr. H. Debus, F.R.S., F.C.S. ... Prof. A. Crum Brown, M.D., Dr. W. 

J. Russell, Dr. Atkinson. 

1870. Liverpool ... Prof. H. E. Roseoe, B.A., F.R.S., Prof. A. Crum Brown, M.D., A. E. 

F.C.S. Fletcher, Dr. W. J. Russell. 

1871. Edinburgh Prof. T. Andrews, M.D., F.R.S. J. T. Buchanan, W. N. Hartley, T. E. 

Thorpe. 

1872. Brighton ... Dr. J. H. Gladstone, F.R.S Dr. Mills, W. Chandler Roberts, Dr. 

W. J. Russell, Dr. T. Wood. 

1873. Bradford ... Prof. W. J. Russell, F.R.S Dr. Armstrong, Dr. Mills, W. Chan- 

dler Roberts, Dr. Thorpe. 

GEOLOGICAL (and, until 1851, GEOGRAPHICAL) SCIENCE. 

COMMITTEE OF SCIENCES, III. — GEOLOGY AND GEOGRAPHY. 

1832. Oxford R. I. Murchison, F.R.S John Taylor. 

1833. Cambridge . G. B. Greenough, F.R.S W. Lonsdale, John Pliillips. 

1834. Edinburgh . Prof. Jameson Prof. Phillips, T. Jameson Torrie, 

Rev. J. Yates. 

SECTION C. — GEOLOGY AND GEOGRAPHY. 

1835. Dublin R. J. Griffith Captain Portlock, T. J. Torrie. 

1836. Bristol Rev. Dr. Buckland, F.R.S. — Geo- William Sanders, S. Stutchbury, T. J. 

graphy. R. I. Murchison, F.R.S. Torrie. 

1837. Liverpool . Rev.Prof. Sedgwick, F.R.S. — 6'eo- Captain Portlock, R. Hunter. — Geo- 

graphy, G.B.Greenough,F.R.S. graphy. Captain H. M. Denham,R.N. 
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1838. Newcastle... C.Lycll,F.R.S.,V.P.a.S.—(reo-W. C. Trevelyan, Capt. Portlock.— 

graph/. Lord Prudhope, Geography. Capt. Washington. 

1839. Birmingham Rev. Dr! Buckland, F.R.S. — Geo- George Lloyd, M.D., H. E. Strickland, 

graphy. G.B.Greenough.F.R.S. Charles Darwin. 

1840. Glasgow ...Charles Lycll, F.R.S. — Geogra-W. J. Hamilton, D. Milne, Hugh 

phy. G. B. Grecnough, F.R.S. Murray, H. E. Strickland, John 

Scoular, M.D. 

1841. Plymouth . . H. T. Do la Bechc, F.R.S W. J. Hamilton, Edward Moore, M.D., 

R. Hution. 

1842. Manchester R. 1. Murchison, F.R.S E. W. Binney, R. Hutton, Dr. R. 

Lloyd, H. E. Strickland. 

1843. Cork Richard E. Griffith, F.R.S., Francis M. Jennings, H. E. Strick- 

M.R.I.A. land. 

1844. York Henry Warburton, M.P., Pres. Prof. Ansted, E. H. Banbury. 

Ocol. Soc. 

1845. Cambridge j. Rev. Prof. Sedgwick, M. A., F.R.S Rev. J. C. Camming, A. C. Ramsay, 

Rev. W. Thorp. 

1840. Southampton Leonard Iforncr,F.R S. — Gcogra- Robert A. Austen, J. H. Norton, M.D., 
phy. G.B.Greenough.F.R.S. Prof. Oldham. — Geography. Dr. C. 

T. Bcke. 

1847. 0.vford Very Rev. Dr. Buckland, F.R.S. Prof. Ansted, Prof. Oldham, A. C. 

Ramsay, J. Raskin. 

1848. Swansea ...Sir H. T. Do la Bechc, C.B., Starling Benson, Prof. Oldham, Prof. 

I F.R S. Ramsay. 

1849. Birmingham Sir Charles Lycll, F.R S , F.G.S. J. Beeto Jukes, Prof. Oldham, Prof, 

I * A. C. Ramsay. 

1850. Edinburgh *;Sir Roderick I. Murchison, F.R.S.j A. Keith eTohnst on, Hugh Miller, Pro- 

j fessor Nicol. 


SECTION c (coatlnaed). — geology. 

1851. Ipswich ... William Hopkins, M. A., F.R.S... C. J. F. Bunbury, G. W. Ormerod, 

1 Soarles Wood. 

1852. Belfast ^Lient.-Col. Portlock,R.E., F.R.S. James Bryce, James MacAdam, Prof 

I M'Coy, Prof. Nicol. 

1853. Hull 'Prof. Sedgwick, F.R.S Prof. Harkness, William Lawton. 

1854. Liverpool . .'Prof. Edward Forbes, F.R.S. .. John Cunningham, Prof. Harkness, 

I G. W. Ormerod, J. W. Woodall. 

1855. Gla.sgow ... Sir R. I. Murchison, F.R.S James Bryce, Prof. Harknc.ss, Prof. 

I Nicol. 

1850. Clielteuham ;Prof. A. C. Ramsay, F.R.S Rev. P. B. Brodie, Rev. R. Hepworth, 

i Edward Hull. J. Scongall,T. Wright. 

1857. Dublin ITIie Lord Talbot de Malahide ... Prof. Harkness, Gilbert Sanders, Ro- 

bert H. Scott. 

1858. Leeds William Hopkins, M.A., LL.D., Prof. Nicol, H. C. Sorby, E. W, 

F.R.S. Shaw. 

1S.j 9. Aberdeen .. Sir Charles Lyell, LL.D., D.C.L., Prof. Harkness, Rev. J. Longmuir, IL 
F.R.S. C. Sorby. 

I860. Oxford Rev, Prof. Sedgwick, LL.D., Prof. Harkness, Edward Hull, Capt. 

F.R.S., F.G.S. Woodall. 

1801. Manchester Sir R. I. Murchison, D.C.L., Prof. Harkness, Edward Hull, T. Ru- 

LL.D., F R.S., &c. pert Jones, G. W. Ormerod. 

1802. Cambridge J. Becto Jukes, M.A., F.R.S Lucas Barrett, Prof.T. Rupert Jones, 

H. C. Sorby. 

1803. Newcastle ... Prof. Warington W. Smyth, E. F. Boyd, John Daglish, H. 0. Sor- 

F.R.S., P'.G.S. by, Thomas Sopwith. 

* At a Meeting of the General Committee held in 1850, it was resolved “That tho 
subject of Geography be separated from Geology and combined with Ethnology, to consti- 
tute a separate Section, under tlie title of tho “ Geo^aphical and Ethnological Section,’* 
for Presidents and Secretaries of which see page ixxvi. 

1H73. 
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Date and Place. 

18G4. Bath 

1865. Birmingham 
18G6. Nottingham 

1807. Dundee 

18G8. Norwich .. 

1 8G0. Exeter 

1870. Liyerpool... 

1871. Edinburgh.. 

1872. Brighton ... 

1873. Bradford ... 


Presidents. 


Secretaries. 


Prof. J. Phillips, LL.D., P.B.S., 
F.G.S. 

Sir R. I. Murcliison, Bart.,K.C.B.j 

' 

Prof.A.C. Ramsay, LL.D., F.R.S. 

I Archibald Oeikie, F.R.S., F.G.S. 

R. A. C. Godwin- Austen, F.R.S. , 
F.G.S. ! 

Prof. K. llarknoss, RB.S., F.G.S.I 

Sir Pliilip de M. Grey EgiTton.: 

Bart., M.P., F.R.S. I 

Prof. A. Geikic, F.R.S., F.G.S...| 

R. A, C. Godwin-Austen, F.R.S. 

Prof. J. Phillips, D.C.L., F.R.S., 
F.G.S. 


W. B. Dawkins, J. Johnston, 11. C. 

Sorby, W. Pengclly. 

Rov. P. B. Brodie, J. Jones, Rev. E. 

Myers, II. C. Sorby. W. Peiigelly. 
R. Etheridge, W. Pengelly, T. \Vhl- 
son, G. 11. Wright. 

Edward Hull, W. Pengclly, Henry 
Woochvard. 

Ri‘v. O. Fisher, Rev. .1. Gunn, W. 

Pengclly, Rev. 11. II. Win wood 
W. Pengclly, W. lloul Dawkins, Ucv. 
II. II. M'inwood. 

W. Pengclly, Rev. II. K Wiinvood, 
W. Boyd Dawkins, G. H. Morton. 
R, bithei-idge, J. Gcikic, J. McKenny 
Hughes, L. G. Miail. 

L. C. Miall, George Scott, William 
! Toplcv, Henry W'^oodward. 

L. C. Miall, R. H. Tiddcman, IV. 
Tojdcy. 


BIOLOGICAL SCIENCES. 

COMMITTEE OE SCIENCES, IV. ZOOLOGY, BOTANY, PHYSIOLOGY, ANATOMY, 

1832. Oxford |Rev. P. B. Duncan, F.G.S jRcv. Prof. J. S. Henslow. 

1833. Cambridge * Rev. W. L. P. Garnons, F.L.S....!c. C. Babington, D. Don. 

1834. Edhiburgh |Prof. Graham |W. Y arrell, Prof. Burnett. 


1835. Dublin 

1830. Bristol 

1837. Liverpool... 

1838. Newcastle... 

1830. Brimingliam 

1840. Glasgow’ ... 

1841. Plymouth... 

1842. Manchester 

1843. Cork 

1844. York 

184i>. Cambridge 
184G. Southampton 

1847. Oxford 


SECTION D. ZOOLOGY AND BOTANY. 


Dr. Allman 

Rov. Prof. Henslow 


W. S. MacLcay 

Sir W. Jardine, Bart 

jProf. Owen, F.R.S 

Sir W. J. Ilooker, LL.D 


J. Curtis, Dr. Litton. 

J. Ciirt].'>, Prof. Don, Dr. Riley, S. 
Root.sey. 

C. C. Babington, Rev. L. Jenyns, W, 
Sw’ainson. 

J. E. Gray, Prof. Jones, R. Ow'cn, Dr. 
Ricliardson. 

E. Forties, W. Ick, R. Patterson. 
Prof. W. Couper, E. Forbes, R. Pat- 
terson. 


John Ricliai’d.son, M.D., F.R.S... 
Hon. and Very Rev. W. Herbert, 
LL.D., F.L.S. 

William Thompson, F.L.S 

Very Rev. The Dean of Manches- 
ter. 

R(w. Prof, Henslow, F.L.S 

Sir J. Richardson, M.D., F.R.S. 

H. E. Strickland, M.A., F.R.S.... 


J. Couch, Dr. LankcstiT, R. Patterson. 
Dr. Lankester, R. Patterson, J. A. 
Turner. 

G. J. Allman, Dr. Lankester, R. Pat- 
terson. 

Prof Allman, H. Goodsir, Dr. King, 
Dr. Ijankester. 

Dr. Lankester, T. V. Wollaston. 

Dr Lankester, T. V. Wollaston, H. 
Wooldridge. 

Dr. Lankester, Dr. Melville, T. V. 
Wollaston. 


SECTION B {continued ). — zoology and botany, including physiology. 

[For the Presidents and Secretaries of the Anatomical and Physiological Subsections 
and the temporary Section E of Anatomy and Medicine, see p. xxxvi.] 


1848. Swansea 


1849. Birmingham 

1850. Edinburgh..! 


L. W. Dillwyn, F.R.S. 


. Dr. R. Wilbrabam Falconer, A. Hen- 
frey, Dr. Lankester. 

. Dr. Lankester, Dr. Russell. 

. Prof. J. H. Bennett, M.D., Dr. Lan- 
kester, Dr. Douglas Maclagan. 

* At this Meeting Physiology and Anatomy were made a separate Committee, for 
Presidents and Secretaries of which see p. xxxvi. 


William Spence, F.R.S 

Prof. Goodsir, F.R.S. L. &E. ... 
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Date and Place. Presidents. Secretaries. 

1851. Ipswich Rev. Prof. Henslow, M.A., F.R.S. Prof. Allman, F. W. Johnston^ Dr. E. 

Lankester. 

1852. Belfast W. Ogilby Dr. Dickie, George C. Hyndman, Dr. 

Edwin Lankester. 

1853. Hull C. C. Babington, M.A., F.R.S... . Robert Harrison, Dr. E. Lankester, 

18.54. Liverpool ... Prof. Balfour, M.D., F.R.S Isaac Byerley, Dr. E. Lankester. 

1855. Glasgow ... Rev. Dr. Fleeming, F.R.S.E. ... William Eeddio, Dr. Lankester. 

1850. Cheltcnbam. Thomas Bell, F.R.S., Prcs.L.S.... Dr. J. Abercrombie, Prof. Buckman, 

Dr. Lankester. 

1857. Dublin Prof.W.H. Harvey, M.D., F.R.S. Prof. J. R. Kinaban, Dr. E. Lankester, 

Robert Patterson, Dr. W. E. Steele. 

1858. Leeds C. C. Babington, M. A., F.R.S... Henry Denny, Dr. Heaton, Dr. E. 

I Lankester, Dr. E. Perceval Wright. 

1859. Aberdeen ...!Sir W. Jardine, Bart., F.R.S.E. . Prof. Dickie, M.D., Dr. E. Lankester, 

j Dr. Ogilvy. 

1800. Oxford jRev. Prof. Henslow, E.L.S W. S. Chnrch, Dr. E. Lankester, P. 

i L. Sclater, Dr, E. Percoval Wright. 

1801. Manchester..! Prof. C. C. Babington, F.R.S. ... Dr. T. Alcock, Dr. E. Lankester, Dr. 

I P. L. Sclater, Dr. E. P. Wright. 

1802. Cambridge... iProf. Huxley, F.R.S Alfred Newton, Dr. E. P. Wright. 

1803. Newcastle ... Prof. Balfour, M.D., PkRS Dr. E. Charlton, A. Newton, Rev. H. 

I B. Tristram, Dr. E. P. Wright. 

1804. Bath IDr. John E. Gray, F.R.S H. B. Brady, C. E. Broom, H. T. 

I Stainton, Dr. E. P. Wright. 

1805. Birmingham T. Thomson, M.D., F.R.S Dr. J. Anthony, Rev. C. Clarke, Rev^ 

( H. B. Tristram, Dr. E. P. Wright. 

SECTION R {continued). — biology^. 

1800. Nottingham. [Prof. Huxley, LL.D., F.R.S. — Dr. J. Beddard, W. Felkin, Rev. H, 
Vhy sioIogicaJ Dep.VroL Wwm- B. Tristram, W. Turner, E. B. 
phrVjM.D., F.R.S. — Anthropo- Tylor, Dr. E. P. Wright. 
logical iJcp. Alfred R. Wallace, 

F.RG.S. 

1807. Dundee Prof. Sharpey, M.D., Sec. R.S. — C. Spence Bate, Dr. S. Cobbold, Dr. 

of 7,ooL ami Hot. George M. Foster, H. T. Stainton, Rev. H. 
Busk, ]\r.D., F.R.S. B. Tristram, Prof. W. Turner. 

1808. Norwich ...Rev. M. J. Berkeley, F.L.S.— Dr. T. S. Cobbold, G. W. Firth, Dr. 

Hcj). of Vhysiology, W. H. M. Fo.stcr, Prof. Lawson, H. T, 
Flower, F.R^S. Stainton, Rev. Dr. H. B. Tristram, 

Dr. E? P. ’Wright. 

1809. Exeter George Busk, F.R.S., F.L.S.— Dr. T. S. Cobbold, Prof. M. Foster, 

Dip. of Hot, and ZooLC. Spence M.D., E. Ray Lankester, Professor 
Bate, F.R.S. — JJtp. of Eihno. Lawson, H. T. Stainton, Rev. H. B. 

E. B. Tylor. Tristram. 

1870. Liverpool... Prof. G. Rolleston, M.A., M.D., Dr. T. S. Cobbold, Sebastian Evans, 

F. R.S., F.L.S. — Dcp. Anat.and Prof. Lawson, Tbos. J. Moore, H. 

Hhysiol Prof. M. Foster, M.D., T. Stainton, Rev. H. B. Tristram, 
F.L.S. — l)(p. of Ethno. J. C. Stanilaiid Wake, E. Ray Lan- 
Evans, F.R.S. kester. 

1871. Edinburgh Prof.Allcn Tliomson,M.D., F.R.S. Dr. T. E. PVaser, Dr. ./Vrtlnir Gamgee, 

— Dcp. of Bot. and Zool. Prof. E. Ray Lankester, Prof. Lawson, 
Wyvillc ‘Thomson, F.R.S. — H. T. Stainton, C. Staniland Wake, 
Bcp. of Anthropol. Prof. W. Dr. W. Rutherford, Dr. Kelburno 
Turner, M.D. King. 

1872. Brighton ... Sir John Lubbock, Bart., F.R.S. Prof. Thiselton-Dyer, H. T. Stainton, 

— Dcp. of Anat. and Physiol. Prof. Lawson, F. W. Rudler, J. H, 
Dr. Burden Sanderson, F.R.S. Lamprey, Dr. Gamgeo, E. Ray Lan- 
— Dcp of Anthropol. Col. A. kester, Dr. Pyo Smith. 

Lane Fox, F.G.S. 

* At a Meeting of the General Committee in 1805, it was resolved; — “That the 
title of Section D be changed to Biology;” and “That for the word ‘Subsection,’ in the 
rules for conducting the business of the Sections, the word ‘ Department’ be substituted. 
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Date and Place. 

Presidents. 

Secretaries. 

1873. Bradford ... 

Prof. Allman, P'.R.S.^ — JOep. of 
Anat, and Physiol, Prof. Ru- 
therford, M.D. — I)ep, of An- 
thropol. Dr. Beddoe, F.R.S. 

[Prof. Thiselton-Dyer, Prof. Lawson, 
R. M‘Lachlan, Dr. Pyo-Smith, E. 
Ray Lankester, F. W. Rudler, J. 
H. Lamprey. 


ANATOMICAL AND PHYSIOLOGICAL SCIENCES. 

COMMITTEE OE SCIENCES, Y. ANATOMY AND PHYSIOLOGY. 

1833. Cambridgo...pr. Hayiland |Dr. Bond, Mr. Paget. 

1831 Edinburgh... I Dr. Abercrombie jDr. Roget, Dr. William Thomson. 

SECTION E. (yNTIL 1847.) ANATOMY AND MEDICINE. 

1R35. Dublin Dr. Pritchard Dr. Harrison, Dr. Hart. 

18t3G. Bristol Dr. Roget, F.R.S Dr. Symonds. 

1837. Liverpool ... Prof. W. Clark, M.D Dr. J. Carson, jun., James Long, Dr. 

• J. R. W. Vosc, 

1838. Newcastle ... T. E. Headlam, M.D :T. M. Greenhow, Dr. J. R. W. Vosc. 

1839. Birmingham John Yelloly, M.D., P’.R.S Dr. G. O. Rees, F. Ryhind. 

1840. Glasgow ..,! James Watson, M.D !Dr. J. Brown, Prof. Couj 3 or, Prof. 

i I Reid. 

1841. Plymouth. .. ]P. M. Roget, M.D., Sec.R.S. ...Dr. J. Butter, J. Fugc, Dr. R. S. 

I I Sargent. 

1842. Manchester.;, Ed ward Holme, M.D., F.L.S. .. Dr. Cliayior, Dr. R. S. Sargent. 

1843. Cork 'Sir James Pitcairn, M.D Dr. Jolin Popliam, Dr. R. S. Sargent. 

1844. Aork }J. C. Pritchard, M.D ;I. Erichsen, Dr. R. S. Sargent. 

SECTION E. PHYSIOLOGY. 

1845. Cambridge .Prof. J. Haviland, M.D |Dr. R. S. Sargent, Dr. Webster. 

184r>.SouthamptoivProf. Owen, AI.D., F.R.S !C. P. Keelc, Dr. Ijaveoek, Dr. Sargent. 

1847. Oxford^ ...;Prof. Ogle, M.D., F.R.S.; iDr. Thomas K. Chambers, W. l\ 

i j Ormerod. 

PHYSIOLOGICAL SUnSECTIONS OF SECTION D. 

18.50. Edinburgh ,Prof. Bennett, M.I)., F.R.S.E. ( 

1855. Glasgow ... Prof. Allen Thomson, F.R.S. ... Prof. J. H. Corbett, Dr. J. Strutliers. 

1857. Dublin iProf. R. Harrison, M.D 'Dr. R. D. Lyons, Prof. Rcdfern 

1858. Leeds iSirBeniaminBrodio,Bart..F.R S. C. G. Wheorhouso. 

1859. Aberdeen ... Prof. Siiarpoy, M.D., Sec.R.S. ... Prof. Bennett, Prof. Redfern. 

1850. Oxford 'Prof. G. Rolieston, M.D., F.L.S. ;Dr. R. MDonnoll, Dr. Edward Smith. 

IHtn. Manchester.Dr. Jolin Davy, F.R.S.L. & E.... Dr. W. Roberts, Dr. Edward Smith 

1802. Cambridge .jC. E. Paget, M.D |G. F. Helm, Dr. Edward Smith. 

180.3. New'castle... Prof. Rolieston, M.D., F.RS. ...Dr. D. Embloton, Dr. W. Turner. 

1804. Bath Dr. Edward Smith, LL.D., F.R.S. iJ. S. Bartrum, Dr W. Turner 

ISGo.Birminghmf. Prof. Acland,M.D., LL.D., P'.R.S. Dr. A. Fleming, Dr. P. Heslop,’ Oliver 
I I Pombleton, Dr. W. Turnpr, 


GEOGEAPHICAL AND ETHNOLOGICAL SCIENCES. 

[For Presidents and Secretaries for Geography jirevious to 1851, see Section C, p. xxxii.] 
ETHNOLOGICAL SUBSECTIONS OF SECTION D. 

184G. Southampton Dr. Pritchard !Dr. King. 

1847. Oxford Prof. H. JL Wilson, M.A IProf. Buckley. 

!G. Grant Francis. 

Dj,. R. G. Latham. 

1850. Edinburgh.. Vice-Admiral Sir A. Malcolm ...IDanicl Wilson. 

* By direction of the General Committ.ee at Oxford, Sections D and Ewere incorporated 
under the name of “Section D— Zoology and Botany, including Physiology” (seep, xxxiv). 
Ilm Section being then vacant was assigned in 1851 to Geography. ^ t ^ 

T /TV/c note on preceding page. 
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Pate and Place. Presidents. Secretaries. 


SECTION E. GEOGEArnY AND ETHNOLOGY. 

1851. Ipswich ... Sir R. I. Murchison, F.R.S., Pres. R. Cull, Rev. J. W. Donaldson, Dr- 

R.G-.S. Norton Shaw. 

1852. Belfast Col. Cliesney, R.A., D.C.L., R. Cull, R. MacAdain, Dr. Norton 

RR.S. I Sliaw. 

1853. Hull R. a. Latham, M.D., F.R.S. .. R. Cull, Rev. H. W. Kemp, Dr. Nor.- 

I ton Shaw. 

1854. Liverpool... Sir R. I. Murchison, D.C.L., Richard Cull, Rev. IF. Higgins, Dr. 

F.R.S, lime, Dr. Norton Shaw. 

1855. Glasgow ... Sir J. Richardson, M.D., F.R.S. Dr. W. G. Blackie, R. Cull, Dr. Nor- 

ton Sliaw. 

1856. Cheltenham Col. Sir II. C. Rawlinson, K.C.B. R. Cull, F. D. Hartland, W. H. Rura- 

sey, Dr. Norton Shaw. 

18.57. Dublin Rev. Dr. J.IIcnihawn Todd, Pres. R. Cull, S. Ferguson, Dr. R. R. Mad- 

R I. A. den, Dr. Norton Shaw. 

1858. Ijeeds Sir R. I. Murchison, G.C.St.S.. R.Cull, Francis Galton,P.O'Callaghan, 

F.R.S. Dr. Norton Shaw, Thomas Wright, 

1859. Aberdeen ... Rear-Admiral Sir James Clerk Richard Cull, Professor Geddes, Dr. 

Ross, D.C L., F.R.S. Norton Shaw. 

1800. Oxford Sir R. I. Murchison, D.C.L.. Capt. Burrows. Dr. J. Hunt, Dr. C. 

F.R.S. Ijempriere, Dr. Norton Shaw. 

1801. Manchester . John Crawfurd, F.R.S Dr. J. Hunt, J. Kingsley, Dr. Norton 

Shaw, W. Sj:>ottiswoode. 

1802. Cambridge . Francis Galton, F.R.S J. W. Clarke, Rev. J. Glover, Dr. 

I Hunt, Dr. Norton Sliaw, T. Wright. 

1803. Newcastle... Sir R. I. Murchison, K.C.B.,C. Carter Blake, Hume Greenfield, 

F K.S. C. R. Markham, R. S. Watson. 

1804. Bath Sir R. I. Murchison, K.C.B., H. W. Bates, Ck R. Markham. Capt. 

I F.R.S. R. M. Murchison, T. Wright. 

1805. Birmingliam Major-General SirR Rawlinson.il. W. Bates, S. Evans, Cl. Jabot, C. 

I M.P., K C.B., F.R.S. R. Markham, Thomas AVright. 

1860. Nottingham *Sir Cliarles Nicholson, Bart., 11. W. Bates, Rev. E. T. Cusins, R. 

I LL.D. H. Maior, Cficments R. Markham, 

D. W. Nash, T. Wright. 

1867. Dundee !Sir Samuel Baker, F.R.G.S H. W. Bates, Cyril Graham, C. R. 

I Ma rkha m , S . J. Ala ckie, R. Sturrock, 

1808. Norwich ... Capt. G.n.Richards,R.N., F.R.S. T, Baines, 11. W. Bates, C. R. Alark- 

j ham, T. Wright. 

SECTION E (conthmed). — geography. 

1809. Exeter Sir Bartle Frcrc, K.C.B., LL.D.. II. AV. Bates, Clements R. Alarkhain, 

I F.R.G.S. J. II. Thomas. 

1870 Liverpool.. SirR. I. Alurchison. Bt , K CkB , H. AA^. Bates, David Buxton, Albert 
I LL.D., D.C L., F.R.S., F G.S. J. Mott, Clements R. Afarkhain. 
1871. Edinburgh. Colonel Yule, C.B., F.R.G.S. ...Clements R. Alarklmm, A. Buehan, 

J. H. Thomas, A. Keith Johnston. 

1872 Brighton ... Francis Galton, F.R.S H. AA^. Bates, A. Keith Johnston, Rev. 

J. Newton, J. 11. Thomas. 

1873. Bradford ... Sir Rutherford Alcock, K.C.B.... 11. \A^. Bates, A. Keith Johr ston, Cle- 
I I ments R. Markham. 


STATISTICAL SCIENCE. 


COMMITTEE OP SCIENCES, TI. STATIST ICS. 

1833. Cambridge .IProf. Babbage, F.RS |J. E. Driukwater. 

1834. Edinburgh .[Sir Charles Lemon, Bart |Dr. Cleland, C. Hope Maclean. 

SECTION F. STATISTICS. 


1835. Dublin 

1836, Bristol 


iCharles Babbage, F.R.S lAY. Greg, Prof. Longfield. 

Sir Charles Lemon, Bart., F.R.S.|Rev. J. E. Bromby, C. B. Fripp, 
1 1 James Hey wood. 
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Date and Place, j Presidents. Secretaries. 

1837. Liverpool... Rt, Hon. Lord Sandon W. R. Greg, W. Langton, Dr. W. C. 

Tayler. 

1838. Newcastle... Colonel Sykes, P.R.S W. Cargill, J. Ileywood, W. R. Wood. 

1839. Birmingbain Henry Ilallam, F.R.S F. Clarke, R. W. Rawson, Dr. W. C. 

Tayler. 

1840. Glasgow ... Rt. Hon. Lord Sandon, F.R.S., C. R. Baird, Prof. Ramsay, R. W. 

M.P. Rawson. 

1841. Plymouth... 'Lieiit.-Col. Sykes, F.R.S Rev. Dr. Byrth, Rev. R. Luney, R. 

W. Rawson. 

1842. Manchester . G. W. Wood, M.P., F.L.S Rev. R. Limey, G. W. Ormerod, Dr. 

W. C. Tayler. 

1(843. Cork Sir C. Lemon. Bart , M.P Dr. D. Bullcn, Dr. W. Cooke Tayler. 

1844. York 'Lieut. -Col Sykes, F.R.S., F.L.S. J. Fletclier, J. Ileywood, Dr. Laycock. 

Cambridge .|Rt. Hon. The Earl Fit z will iam... J. Fletcher, W. Cooke Tayler, LL.D. 

1840. Southampton jet. R. Porter, F.R.S 1. Fletcher, F. G. P. Ncison, Dr. W. 

! C. Taller, Rev. T. L. Shajicott. 

1847. Oxford jTravers Twiss, D.C.L., F.R.S. ... Rev. W. II. Cox, J. J. Danson, F. G. 

I I P. Neison. 

1848. Swansea ... J. II. Vivian, M.P., F.R.S J. Fletcher, Capt. R. Shortrede. 

1849. Birmingham Rt. Hon. Lord Lyttelton 'Dr. Finch, Prof. Hancock, F. G. P. 

I Neison. 

1850. Edinburgh . Very Rev. Dr. John Lee, jProf. Ilaiieock, J. Fletcher, Dr. J. 

V.P.R.S.E, j Stark. 

1851. Ipswich Sir John P. Boileau, Bart ‘J. Fletcher, Prof Ilancoek. 

1852. Belfa.st His Grace the Archbishop of Prof. Hancock, Prof. Ingram, James 

I Dublin. I MacAdam. Jun. 


1853. Hull James Hevwood, M.P., F.R.S. ...Ed ward Cl leshire, William Newm arch. 


1(854. Liverpool .. Thomas Tooke, F.R.S E Clavshire, J. T. Danson, Dr. W. H. 

I I Duncan, W. Newmarch. 

1855. Glasgow iR. Monckton Milnes, M.P J. A. Cam]ibell, E. Cheshire, W. New- 

I I march, Prof. R. H. Walsh. 


SECTION F {continued ), — economic science and statistics. 


185G. Cheltenham 

1857. Dublin 

1858. Leeds 

1859. Aberdeen .. 

18G0. Oxford 

18G1. Manchester 

18G2. Cambridge. 
18G3. Newcastle ... 

18G4. Bath 

1805. Birmingham 

18GC. Nottingham 

18G7. Dundee 

18G8. Norwich ... 


Rt. Hon. Lord Stanley, M.P. ...*Rev. C. H. Bromby, E. Chosliire, Dr. 

I W. N. Hancock Newmarch, W. M. 
I Tartt. 

. His Grace the Archbishop of, Prof. Cairns, Dr. H. D. Hutton, W. 
Dublin, M.R.I.A. I Newmarch. 

. Edward Baines IT. B. Baines, Prof. Cairns, S. Brown, 

I Capt. Fishbourne, Dr. J. Strang. 

. Col. Sjkes, M.P., F.R.S Prof. Cairns, Edmund Macrory, A. M. 

I Smith, Dr. John Strang. 

. Nassau W. Senior, M. A 'Edmund Macrory, W. Newmarch, 

I Rev. Prof. J. E. T. Rogers. 

William Newmarch, F.R.S David Chadwick, Prof. R. C. Christie, 

j E. Macrory, Rev. Prof. J. E. T. 

! Rogers. 

. Edwin Chadwick, C.B 'll. D. Maeleod, Edmund Macrory. 

. William Tite, M.P., F.R.S :T. Doubleday, Edmund Macrory, 

I Frederick Purdy, James Potts. 

. William Farr, M.D., D.C.L.,'E. Macrory, E. T. Payne, F. Purdy. 
F.R.S. I 

Rt. Hon. Lord Stanley, LL.D.,,G. J. D. Goodman, G. J. Johnston, 
M.P. j E. Macrory. 

Prof. J. E. T. Rogers R. Birkin, Jun., Prof. Leone Levi, E. 

Macrory. 

M. E. Grant Duff, M.P Prof. Leone Levi, E. Macrory, A. J. 

Wlirden. 

Samuel Brown, Pres. Instit. Ac-, Rev. W. C. Davie, Prof. Leone Levi. 

, tufiries. | 


i 
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Date and Place. 

Presidents. 

Secretaries. 

1809. Plxeter 

1870. Liverpool... 

]871. Pklinburgh 

1872. Brighton ... 

1873. Bradford ... 

Rt. Hon. Sir Stafford II. North- 
coto, Bart., C.B., M.P. 

Prof. W. Stanley Jevons, M.A. . . 

Bt. Hon. Lord Neaves 

Prof. Henry Fawcett, M.P 

Rt. lion. W. E. Forster, M.P.... 

Edmund Macrory, Frederick Purdy, 
Charles T. D. Acland. 

Chas. R. Dudley Baxter, E. Macrory, 
J. Miles Moss. 

J. G. Fitch, James Meiklo. 

J. G. Fitch, Barclay Phillips. 

J. G. Fitch, Swire Smith. 


MECHAMCAL SCIENCE. 

SECTION G. MECHANICAL SCIENCE. 

] W,. Bristol 'Davies Gilbert, D.C.L., RR.S....|T. G. Bunt, G. T. Clark, W. West. 

]S:{7. ]jiverpool ...'Kev. Dr. Eobinsou jCliarles Yignoles, Thomas Webster. 

Novvcastie ... Charles Bai)bage, F.R.S B. Hawthorn, C. Vignoles, T. Webster. 

1839. Birmingham Prof. Willi'^, F.K.S., and BobertW. Carpmael, William Hawkes, Tho- 

I Stephenson. j mas Webster. 

1840, Glasgow ...tsir John Kobinson J. Scott Bussell, J. Thomson, J. Tod, 

j C. Vignoles. 

18-11. Plymout]i.,.iJohn Tavlor, F.B.S Henry Cliatlield, Thomas Webster. 

1812. Manchester .'Bev. Prof. Willis, F.B.S J. F. Bateman, J. Scott Bussell, J. 

I Tliomson, Cluirles Yignoles. 

1843. Cork IProf. J. Macneill, M.B.I.A James Thomson, Bobert Mallet. 

1844. York iJolm Taylor, F.B.S diaries Yignoles, Thomas Webster. 

IS-IJ. Cambridge ..iGeorge Bennie, F.B.S 'Bev. W. T. Kingsley. 

184t).Soiithampton'Rev. Prof. \YiIlis, M.A., F.B.S. .1 William Betts, Jun., Cliarles Manby. 

1847. Oxford iBev. Prof. Walker, M.A., PkB.S.iJ. Glynn, B. A. Le Mesurier. 

1848. Swansea iBev. Prof. Walker, M.A., F.B.S. iB. A. Le Mesurier, W. P. Struve. 

1849. Birmingliam'Roberl Stopbemson, M.P., F.B S. Charles Manby, W. P. Marshall. 

187)0. f:dinburgh..:Bev. Dr. Bobinson Dr. Lees, David Stephenson. 

187)1. Tp.swich VYilliam Cubitt, F.BS John Head, Charles Manby. 

l8o2. Bcifa.st John Walker, O.E., LL.D., F.B.S. John F. Bateman, C. B. Hancock, 

Cliarles Manby, James Thomson. 

1853. Hull William Fairbairn, C.E., F.B.S.. James Oldham, J. Thomson, W. Sykes 

Ward. 

1854. Liverpool ... John Scott Bussell, F.B.S John Grantham, J. Oldham, J. Thom- 

son. 

1855. Glasgow . . . W. J. Macquorn Bankino, C.E., L. Hill, Jun., William Bamsay, J. 

F.B.S. Thomson. 

185C>. Cheltenham George Bennie, F.B.S. ^ C. Atherton, B. Jones, Jon., H. M. 

J effery. 

1857. Dublin The Bight Hon. The Earl of Prof. Downing, W. T. Doyne, A. Tate, 

Bosse, F.B-.S. James Thomson, Henry Wright. 

187)8. Lced.s William Fairbairn, F.B.S J. C. Dennis, J. Dixon, H. Wright. 

1859. Aberdeen ... Bev. Prof. Willis, M.A., F.B.S. . B. Abernethy, P. Le Neve Foster, H. 

Wright. 

1800. Oxford Prof. W. J. Macquorn Bankine, P. Le Neve Foster, Bev. F. Harrison, 

LL.D., F.B.S. Henry Wriglit. 

18C1. Manchester . J. F. Bateman, C.E., F.B.S P. Le Nevo Foster, John Bobinson, H. 

Wright. 

1802. Cambridge .. William Fairbairn, LB.D., F.B.S. W. M. Fawoott, P. Le Novo Foster. 

1803. Newcastle ... Bev. Prof. AYillis, M.A., P^B.S. . P. Le Neve Poster, P. Wostmacott, J. 

F. Spencer. 

1804. Bath J. Hawkshaw, F.B.S P. Le Novo Foster, Bobert Pitt. 

1805. Birmingham Sir W. G. Armstrong, LL.D.,, P. Le Nevo Foster, Henry Lea, W. P. 

F.B,.S. Marshall, Walter May. 

1800. Nottingham Thomas Hawksley, Y.P.Tnst.P. Lo Neve Foster, J. Pk Isclin, M. 
C.E., F.G.S. A. Tarbottom. 

1807. Dundee Prof. W. J. Macquorn Bankino, P. Lo Neve PYster,' John P. Smith, 

LL.D., PkB.vS. W. W. Urqubart. 

1808. Norwich ... G. P. Bidder, C.E., PkB.G.S. ...Ik Lo Nevo Poster, J. F. Iselin, C. 

Manby, W. Smith. 
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Presidents. 

Secretaries. 

[ 

1869. Exeter 

C. W. Siemens, F.R.S 

P. Lo Neve Foster, H. Bauerman. 

1870. Liverpool... 

Chas. B. Vignolps, O.E., F.R.S. . 

II. Bauerman, P. Le Neve Foster, T. 
King, J. N. Shoolbrcd. 

1871. Edinburgh 

Prof. Fleeming Jenkin, F.R.S... . 

II. Bauerman, Alexander Leslie, J. P. 
Smith. 

1872. Brighton ... 

F. J. Bramwcll, C.E 

H. M. Brunei, P. Lc Nevo Foster, 
J. G. Gamble, J. N. Shoolbrcd. 

1873. Bradford... 

W. H. Barlow, F.R.S. 

Crawford Barlow, H. Bauerman, S. 
H. Carbuit, J. C. Ilawkshaw, J. N. 
Shoolbrcd. 


List of Evening Lectures. 

Date and Place, j Lecturer. Subject of Discourse. 

1842. Manchester.' diaries Tignoles, F.R.S | Tlie Principles and Construction of 

I Atiuosphene Railways. 

! Sir M. I. Prunel ! The Thames Tunnel. 

E. I. ^Murchison | The Geology of Russia. 

1843. Cork Prof. Owen, M.D., F.R.S The Dinornis of ?sew Zealand. 

j Prof. F. Forbes, F.R.S j The Distribution of Aniinul Life in 

I I the jFgean Sea. 

Dr. Robinson The Earl of Rosse's Telescope. 

1844. York ! diaries Lyell, F.R.S j Geology of North America. 

! Dr. Falconer, F.R.S ! Tlie Gigantic Tortoise of the Siwalik 

j I Hills in India. 

1845. Cambridge. G. B. Airy, F.R.S., A >tron. Royal i Progress of Terrestrial Magnetism. 

! R. I. Murchison, F.R.S j Geology of Ru.ssia. 

1846. Southampton I Prof. OvNen, M 1)., F.R.S | Fossil Mammalia of the British Isles. 

Charles Lyell, F.R.S I Valley and Delta of the Mis«i.‘‘si})pi. 

W. R. Grove, F.R.S Properties of the Explosive substance 

discovered by Dr. Sclionbein ; also 
some Researches of his own on the 
Decomposition of Water by Heat. 

1847. Oxford Rev. Prof. B. Powell, F.R.S. .. Shooting-stars. 

I Prof. M. Faraday, F.R.S Magnetic and Diamagnetic Pheno- 

I mena. 

Hugh E. Strickland, F.Q.S. .. The Dodo {Didus inrptuf<). 

1848. Swansea .. ' John Percy, M.D., F.R.S MeUdlurgical operations of Swansea 

I and its neighbourhood. 

! W. Carpenter, M.D., F.R.S. ... Recent Microscopical Discoveries. 

1849. Birmingham Dr. Faraday, F.R.S Mr. Gassiot’s Battery. 

Rev. Prof. V\dllis, M.A., F.R.S. Transit of different Weights with 

varying velocities on Railways. 

1850. Edinburgh. Prof. J. H. Bennett, M.D., Pas.^'Oge of the Blood throngli the 

F.R.S.E. minute vessels of Animals in con- 

nexion with Nutrition. 

Dr. Mantell, F.R.S Extinct Birds of New Zealand. 

1851. Ipswich Prof. R. Ow^n, M.D., F.R.S. Distinction between Plants and Ani- 

mals, and their changes of Form. 

G. B. Airy, F.R.S., Astron. Roy. Total Solar Eclipse of July 28, 1851. 

1852. Belfast Prof. G.G. Stokes, D.C.L., F.R.S. Recent discoveries in the properties 

of Light. 

Colonel Portlock, R.E., F.R.S. Recent discovery of Rock-salt at Car- 

rickfergus, and geological and prac- 
tical considerations connected w ith it. 

1853. Hull Prof. J. Phillips, LL.D., F.R.S., Some peculiar phenomena in the Geo- 

F.G.S. logy and Pnysical Geography of 

Yorkshire. 

Robert Hunt, F.R.S The present state of Photography. 
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Pato and Place. Lecturer. Subject of Discourse. 

1854. Liverpool ... Prof. R. Owen, M.D., F.Il.S Anthropomorphous Apes. 

Col. E. Sabine, V.P.Il.S Progress of researches in Terrestrial 

Magnetism. 

1855. Glasgow Dr. W. B. Carj^enter, F.R.S. ... Characters of Species. 

Lieut.-Col. II. Eawlinson Assyrian and Babylonian Antiquities 

and Ethnology. 

1850. Cheltenham Col. Sir IT. Rawlinson Recent discoveries in Assyria and 

Babylonia, with the results of Cunei- 
form research up to the present 
time. 

W. R. Grove, F.R.S Correlation of Physical Forces. 

1857. Dublin Prof. \V. Tliomson, F.R.S The Atlantic Telegraph. 

Rev. Dr. Living.stone, D.C.L. .. Recent discoveries in Africa. 

IS.hS. Leeds 1 Ih-of. J. 1‘hillips, LL.D., F.R S. The Ironstone.s of Yorksliire. 

Prof. R. Owen, M.I)., F R.S. ...j The P'ossd Mammalia of Australia. 

Ih.jl). Aberdeen .. Sir R.T.Muivliison, I).(\L j Geology of the Northern Highlands. 

; Rev. Dr. Robinson, P\R.S ' Elect rieal Discharges in highly rare- 

I 1 tied Media. 

ISOO. Oxford ' Rev. Prof. Walker, F R.S. .. . | Physical Constitution of the Sun. 

Captain Slu'rard O.sborn, R.X. ^ Arctic Discovery. 

18()1. Maneliester . I’rof. AV. A. ISliller, M.A., P' R S. Spcetriim Analysis. 

I O. B. Airy, F.R.S , A.stron. Roy. I The late Eclipse oCthe Sun. 

1802, Cambridge Prof. 'I'yndall, LL D.. F.R S. ...I Tlie F’orins and Action of Water. 

Prof. Odling, F.R.S , Organic Chemistry. 

l8()o. Kewcnstle- Prof. AVilliamson, F.R.S ' The chemistry of the Galvanic Bat- 

ou-Tyne. j tery considered in relation to Dy- 

i namie^. 

James Gluislicr, P'.R.S ' The Balloon Ascents made for the 

[ I British A.ssoeiation. 

JSdl. Bath ' Prof Roseoo, PMPS The Cliemieal Action of Light. 

i Dr Living.^one, F.R.S Reiiciit Travels m Africa. 

1S()5. Birmingham J. Beete Jukes, F.R.S Proliabdities as to the position and 

j extent of the Coal-measures beneath 
! the red rocks of the Midland Coun- 
tics. 

18()(). Nottingliam. William Huggins, F.R.S 'The results of Spectrum Analysis 

I I applied to Heavenly Bodies. 

' Dr. J. D. Hooker, F R.S 1 Insular Floras. 

1S(>7. Dundee ' Archibald Gcikie, P\R.S | The Geological origin of the present 

Sceiiei'y of Scotland. 

Alexander Herseliel, F.R. A.S. .. The ])rcsent state of knowledge re- 
garding Meteors and Aretcorites. 

18()8. Norwich J. lYrgusson, P^R S Arcluvology of the early Buddhist 

I Monuments. 

I Dr. W. Odling, F.R S Reverse Chemical Actions. 

181)9. Exeter j Prof J. Phillips, LL.D, P^R.S. Vesuvius. 

J. Norman Lockyer, F.R.S Tlie Physical Constitution of the 

Stars and Nebulie. 

1870. Liverpool ... Prof. J. Tyndall, LL.D., F.R.S. The Scientific Use of the Imagination. 

Prof. W. J. Maequorn Rankine, Stream-linos and MWes, in connexion 
LL.D., F.R.S. with Naval Arcliitecture. 

1871. Edinburgh F. A. Abel, TMl-S Some recent investigations and appli- 

cations of Explosive Agents. 

E. B. Tylor, F.R.S The Relation of Primitive to Modem 

Civilization. 

1872 Brighton ... Prof. P. Martin Duncan, M.D., Insect Metamorphosis. 

F.R.S. 

Prof. W. K. ClilTord The Aims and Instruments of Scien- 

tific Thought. 

1873. Bradford ... Prof. W. 0. Williamson, F.R.S. Coal and Coal Plants. 

Prof Clerk Maxwell F.R.S Molecules. 
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Pate and Place. Lecturer. Subject of Discourse. 


Lectures to the Operative Classes, 

1807. Dundee Prof. .T. Tyndall, LL.D., F.R.S. Matter and Force. 

1808. Norwich .... Prof. Huxley. LL.D., F.R.S. ... A piece of Chalk. 

1809. Exeter Prof. Miller, M.D., Rli.S Exjicrimcntal illustrations of the 

modes of detecting the Composi- 
tion of the Sun and other Heavenly 
Hodics by the Spectrum. 

1870. Liverpool ... Sir John Lubbock, Bart., M.P., Savages. 

F.R.S. I 

1872. Brighton ... William Spottiswoode, LL.D., i Siinshiue, Sea, and Sky. 

F.R.S. I 

1873. Bradford ... C. W. Siemens, D.C.L., F.R.S... | Fuel. 
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Table showing the Attendance and Receipts 

Date of Meeting. 

Wlicrc held. 

Presidents. 


! 




Old Life 

New Life j 




Members. 

Members, j 

1831, Sept. 27 .. 

' York 

Tlie Earl Eit2willmm, D C L. .. 



1832, June 19 .. 

J Oxford 

The Bev. W. Buckland, ERS. .. 


... 

1833. June 25 •• 

' ('ambridge 

The Rev. A. Sedgwdek, F.R.S.... 


... { 

iS 34, Sept. 8 ... 

1 Edinburgh 

; Sir T. M. Bn.sbane, D.C.L 



1835, Aug. 10 ... 

'Dublin 

‘ The Rev. Provost Lloyd, LL.D. 


... ( 

1836, Aug. 22 ... 

1 Brwtol 

The lilarquis of Lansdowiie 



1837, Sept. II .. 

Liverpool 

The Karl of Burlington. F.R.S. . 

... 


1838, Aug. 10 .. 

?scwcastlo-on-Tvne . 

; The Duke of Northumberland... 

... 


1839, Aug. 26 ... 

Birmingliain 

The Rev. W. Vernon Ilarcourt . 

... 


1840, Sept. 17 ... 

Glasgow 

The Marquis of Breadalbane .. 


1 

1841, July 20 .. 

rivniouth 

The Rev. W. Whewell. F.R.S... 

169 

65 1 

1842, June 23 ... 

Manchester 

The Lord Francis Eger ton 

303 

169 

1843, Aug. 17 .. 

('ork 

The Earl of Ros.se, F.R.S 

109 

28 

1844, Sept. 26 .. 

York 

The Rev. G. IVacock, D.I) 

226 


1845, June 19 ... 

Cambridge 

Sir John F. \V. Ilersehel, Bart . 

313 

36 

1846, Se])t. 10 ... 

Southampton 

Sir Roderick 1 . Murehieon, Burt. 

241 

10 

1847, June 23 ... 

Oxford 

Sir Robert JL Tnglis, Bart 

3 H 

18 

1848, Aug. 9 

Swansea 

The Marquis of Northampton... 

149 

3 

1849, Sept. 12 ... 

Birmingham 

The Rev. T. R. Robinson, I).D. . 

227 

12 

1850, July 21 ... 

Edinburgh 

Sir J)avid Brewster, X 11 ’ 

235 

i 9 ■ 

1851, July 2 

Ipswich 

G. B. Airy, Esq., A.stron. Royal .' 

172 j 

8 

1852, Sept. I ... 

Belfast ! 

LieiiL-Gencral Sabine, F.R.S. 

164 

lo 

1853, Sept. 3 ..., 

Hull ; 

William Hopkins, Ewp, F.R.S.. 

141 j 

13 

1 8 54, Sept. 20 ... 

Liverpool ' 

The Earl of llarrowby. F.R.S. ..! 

238 1 

^3 

1855, Sept. 12 •••! 

Glasgow 

The Duke of Argyll, F.R.S 

>94 ! 

33 

1856, Aug. 6 ' 

Cheltenham 

Prof. C. G. B. Daiibeny, M.D....j 

182 

14 

1857, Aug. 26 ...' 

Dublin 

The Rev. Humphrey Lloyd, D.D. 

236 1 

15 

1858, Sept. 22 ...| 

Leeds j 

Richard Owen, M.D., D.C.L. ... 

222 ■ 

42 1 

1859, H ••'j 

Aberdeen 

H.R.H. The Prince Consort ... 

184 I 

27 1 

i860, June 27 ...' 

Oxford 

The Lord Wrottesley, M.A 

286 

21 ^ 

1861, Sept. 4 ... 

Manchester 

William Fairbairn, LL.D., F.R.S. 

321 

J13 

1862, Oct. I 

Cambridge 

The Rev. Prof. Willis, M.A. ... 

239 

M 

1863, Aug. 26 ... 

Newcastlc-on-Tyne .. 

Sir William G. Armstrong, C.B. 

203 

36 

1864, Sept. 13 ... 

Bath 

Sir Charles Lvell, Bart, M.A.... 

287 

40 

1865, Sept. 6 ... 

Birmingham 

Prof. J. Phillips, M.A.,LL.D.... 

292 

44 

1866, Aug. 22 ... 

Nottingham 

William B. Grove, Q.C., F.R.S. 

207 

3 * 

1867, Sept. 4 ... 

Dundee 

The Duke of Buccleuch, X.C.B. 

167 

25 

1868, Aug. 19 ... 

Norwich 

Dr. Joseph D. Hooker, F.R.S. . 

196 

18 

1869, Aug. 18 ... 

Exeter 

Prof. G. G. Stokes, D.C.L 

204 

21 

1870, Sept. 14 ... 

Liverpool 

Prof. T. H. Huxley, LL.D 

3 H 

39 

1871. Aug. 2 

Edinburgh 

Prof. Sir W. Thomson, LL.D.... 

246 

28 

1872, Aug. 14 ... 

Brighton 

Dr. W. B. Carpenter, F.R.S ... 

24s 

36 

1873, Sept. 17 ... 

Bradford 

Prof. A. W. Williamson, F.B.S. 

212 

27 

1874.-A.ug. 19 ... 

Belfast 

Prof. J. Tyndall. LL.D, F.R.S. 




ATTENDANCE AND RECEIPTS AT ANNUAL MEETINGS. 
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at Annual Meetings of the Association. 


Attended by 

Amount 
received 
during the 
Meeting. 

Sums paid on 
Account of 

Old 

Annual 

New 

Annual 

Associates. 

Ladies. 

Foreigners. 

Total. 

Grants for 
Scientific 

Members. 

Members. 





j 





353 

£ a . d . 

£ s . d . 













900 













... 

... 

1298 


20 0 0 

167 0 0 
434 >4 0 

•** 

... 


1100* 

... 

>350 

1840 

2400 

1438 


918 14 6 
956 12 2 
>595 >> 0 




34 



... 


60’*' 

40 

>353 


1546 16 4 

46 

317 



891 



1235 >0 >> 

i 75 

376 

33t 

331* 

28 

>3>5 


1449 17 8 

71 

45 

185 

190 


160 




1565 10 2 
981 12, 8 

9t 

260 




94 

22 

407 

172 

35 

>079 


830 9 9 

65 

39 

270 

196 

36 

857 


685 16 0 

; 197 

40 

495 

203 

53 

1260 



208 5 4 

54 

25 

376 

>97 

>5 

929 

707 0 0 

275 I 8 

93 

33 

447 

237 

22 

1071 

963 0 0 

159 19 6 

iz8 

42 

510 

273 

44 

1241 

1085 0 ° 

345 J8 0 

61 

47 

244 

141 

37 

710 

620 0 0 

391 9 7 

63 

60 

i 510 

292 

9 

1108 

iog5 0 0 

304 6 7 

56 

57 

i 367 

236 

6 

876 

903 0 0 

205 0 0 

121 

121 

j 765 

524 

10 

1802 

1882 0 0 

330 19 7 

J42 

lOI 

1 >094 

543 

26 

2133 

2311 0 0 

480 16 4 

104 

48 

412 

346 

9 

1115 

1098 0 0 

734 >3 9 

J56 

120 

900 

569 

26 

2022 

2015 0 0 

507 >5 3 

III 

9' 

710 

509 

>3 

1698 

1931 0 0 

618 18 2 

125 

>79 i 

1206 

821 

22 

2564 

2782 0 0 

684 II I 

177 

59 

636 ' 

463 

47 

1689 

1604 0 0 

1241 7 0 

1S4 

125 

1589 

791 

>5 

3>39 

3944 0 0 

iiii 5 10 

150 

57 

433 

242 

25 

1161 

1089 0 0 

1293 16 6 

154 

209 

1704 

1004 

25 

3335 

3640 0 0 

1608 3 10 

1 182 

103 

1119 

1058 

>3 

2802 

2965 0 0 

1289 15 8 

215 

149 

766 

5c8 

23 

1997 

2227 0 0 

1591 7 10 

218 

105 

960 

771 

II 

2303 

2469 0 0 

1750 13 4 

193 

118 

1163 

771 

1 

2444 

2613 0 0 

>739 4 0 

226 

117 

720 

682 

ASt 

2004 

2042 0 0 

1940 0 0 

229 

107 

678 

600 

17 

1856 

1931 0 0 

1572 0 0 

303 

19s 

1103 

910 

>4 

2878 

3096 0 0 

1472 2 6 

311 

127 

976 

754 

21 

2463 

2575 0 0 

1285 0 ® 

280 

80 

937 

912 

43 

i533 

2649 0 0 

1685 0 0 

237 

99 

796 

601 

II 

1983 

2102 0 0 



* Ladies were not admitted by purchased Tickets until 1843. 

t Tickets for admission to Sections only, { Including Ladies. 
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OPEICEES OE SECTIONAL COMMITTEES EEESENT AT THE 
BEAHEOED MEETING. 

SECTION A. MATHEMATICS AND PHYSICS. 

I^reside^it — Professor Henry J. S. Smith, ]\r.A., LL.I)., F.lhS. 
yice-PremlenU . — Professor Cayley, M. A., E.E.S. ; James (llaislier, F.E.S. ; Pro- 
it3ssor (t. Carey Foster, F.ll.S. j IVofessor E. Harhy, IMt.S. ; Professor IFaniei ; 
W. Tliigoins, F.E.S . , Ih’ofessor Clerk-MaxAvell, M.A., F.ll.S. : Professor Balfour 
StcAvart, F.lkS. 

Secrefanes . — Professor W. K. Clifford, M.A. ; Professor Forhos, B.A., F.Pi.S.E. ; 
J. W. L. Glaisher, B.A., F.ll.A.S. ; Professor A. S. Ilerschel, HA., F.E.A.8. 

SECTION B. CHEMISTRY AND MINERALOGY, INCLCDING THEIR APPLICATIONS TO 

AGRICULTURE AND THE ARTS. 

President , — Professor "SV. .1. Eiissell, F.ll.S. 

Vice-P'esidcnts. — Dr. J. 11. Gilbert, F.ll.S.; Dr. (iladstone, IMl.S. ; A. Vernon 
Harcourt, F.ll.S.; James Young, F.ll.S.: Professor G. V. Foster, B.A., F.ll.S. ; 
Dr. C. \V. SicmeiiP, F.li.S. 

Secretaries . — Dr. Arni.stroiifr, F.C.S. ; Dr. Mills, F.C.S.: W. Chandler Jlnherfs 
F.C.S.; Dr. Thorpe, F.K..S.E. 

SECTION C. — GEOLOGY. 

President. — Professor Phillips, M.A., LL.I)., D.C’.L., F.E.S. , F.G.S. 

Vice-Presidents . — Sir Phillip Egerton, Bart., F.ll.S. : Professor T. TliiLdo's, 
M.A., E.G.S. ; J. Gwyn Jeffreys, F.ll.S. ; VV. Pengelly, I'.E.S., I\G.S. ; I'roiessor 
W. C. AVilliamson, E.ll.S. c . ^ ; 

Sea'ctaries.^L. C. Miall^ F.G.S.; 11. II. Tiddeman, F.G.S.j AV. Topley, F.G.S. 

SECTION n. BIOLOGY. 

P'esident . — Professor Allman, M.D., LL.I)., F.E.S. 

Vice-P'esidcnts . — Professor llalfour, F.ll.S.; Dr. Ihaldot*, F.lbS. ; Sir Walter 
Elliott, K.C.S. I. ; Dr. Hooker, 0.13., F.ll.S.; Prole.ssor llutherford, M.D. ^ Dr. 
Burdon Sanderson, F.ll.S. ; A. 11. Wallace, F.ll.G.S. 

Secretaries . — Professor Thiselton-Dyer, B.A,, B.Sc., F.L.S. ; I’rofessor Janvson, 
M.A., F.L.S. ; E. M‘Laclilan, F.L.S. ; Dr. Pye-Smitli : E. Bay Lankester, M.A. ; 
F. W. lludler, E.G.S. ; J. II. Lamprey. ‘ ’ ' 

SECTION E. GEOGRAPHY AND ETHNOLOGY. 

President . — Sir Rutherford Alcoek, K.G.B. 

Vice-Presidents . — Admiral Sir Edward Belcher, F.E.S. ; F. Gallon, F.E.S.; Cap- 
tain M. S. NollotJi, E.N., FMl.G.S. ; Admirfil E. Ojnmanney, C.B., FHI.S., 
Major-General Strachey, F.E.S. 

Secretaries,— ll. W. Bates, F.L.S., F.E.G.S. ; A. Keith Johnston, F.E.G.S.; 
Clements E. Markham, C.B., F.E.S., F.ll.G.S. 

SECTION F. ECONOMIC SCIENCE AND STATISTICS. 

President . — Eight Hon. W. Ik Forster, M.lk 

Vice-Presidents.— Lord Ilaughton, D.C.L., F.E.S., F.E.G.S. ; Fdwaul Baines, 
M.P. ; Sir James Alexander ; EdwTiid Miall, M.P. ; F. S. Powell, JNl.P. ; Duniaii 
McLaren, M.P. ; Samuel Brown, F.S.S. ; James He} wood, M.A., F.E.S. 
Secretaries, — J, G. Fitch ) Swire Smith. 

SECTION G. — MECHANICAL SCIENCE. 

President. — ^W. II. Barlow, F.E.S. 

Vice-Presidents. — F. J. Bramwell, F.E.S.; Admiral Sir E. Belcher, K.C.B. ; P. 
le Neve Foster, M.A. ; Sir John Ilawkshaw, F.E.S. ; C. W. ^lerrificld, F.E.S. ; 
James E. Napier, F.ll.S.; C. W. Siemens, F.E.S.; Thomas Webster, Q.C., 
F.ll.S. 

Secretarie8.--0YQ.-wiordi Barlow, B.A. ; H. Bauermau, F.G.S. ; E. H. Carbntt, O.E. • 
John Clarke Ilawkshaw, M.A., E.G.S.; Q. W. Siemens, E.G.S. ; J. N. Shool- 
bred, E.G.S. 



OFFICERS AND COUNCIL, 1873-74, 


TRUSTEES (PERMANENT). 

Gonoral SitEdwakd Sarine, K.C.B., R.A., D.C.L., P.K.8. 

Sir Philip he M. GiiKi-EciKKiw, Bart., M.P., E.R.S., E.G.S. 
Sir John Lubhock, Bart., M.P., F.K.S , E.L.S. 

PRESIDENT. 

PROFESSOll A. W. WILLIAMSON, Pir.D., P.II.B., RC.B. 


VICE-PRESIDENTS. 


Tho Rif;ht Hon. thoEAHL OP Horse, F.Tl.B.,EB.A.S. 
Th(' Bif-lit Ifon. Lord Hotojiton, T).C L., F.li 8. 
'I'lu- Ki^^lit Hon, W. K. Fousteb, M.P. 

Mat J HJJW W. Thompson, Euq , Mayor of Bradford. 


Bir John Haivkshwv, F.R.8., F.G.8.1 
J. P. Gassiot, Esq., D.C.L., LL.D., F.B.S. 
Professor Phillip8, D.C.L., LL.D., F.R.B. 


PRESIDENT ELECT. 

PKOFESSOH J. TYNDALL, D.C.L., LL.D., F.B.S. 


VICE-PRESIDENTS ELECT. 


Tlie BiKht Hon. the Earl of Enniskillen, D.C.L., 
F B.H 
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Report of the Council for the Year 1872-73 presented to the General 
Committee at Bradford, on Wednesday, September x7th, 1873. 

During the past year the Council have received Reports from the General 
Treasurer ; and his account for the year will bo presented to the General 
Committee this day. 

The Council have had under their consideration the three resolutions which 
were referred to them by the General Committee at Brighton. They beg to 
report upon the action thcj’ have taken upon each case. 

First Jlcsohitlon. — That the Council be requested to take such steps 
as the}" deem desirable to induce the Colonial Office to afford sufficient iiid 
to the Observatory at Mauritius to enable an investigation of the (Cyclones 
in the Pacific Ocean to be carried on there’'*. 

In accordance with this Resolution the following correspondence took 
place between Dr. Carpenter, the President of the Association, and the Riglit 
Honourable the Earl of Kimberley, Secretary of State for the Colonies ; — 

“ British Association for the Advancement of Science, 
22 Albemarle Street, W., December 20, 1S72. 

<‘My Lord, — On behalf of the British Association, I liave tlie honour to 
bring under your Lordshi])’s notice the following statement respecting the 
pvsitioii of the Observatory at the Mauritius: — 

“ The Mauritius Observatory is for the most part a Aleteorological and 
Alagnetical Observatory. As a Meteorological station, Mauritius is most 
important ; and the present Director of the Observatory, Mr. Charles Aleldrum, 
has taken advantage of his position to work out several important Meteoro- 
logical problems as far as his means have allowed him. 

He has fostered the growth, if he did not originate, the Meteorological 
society of Mauritius, of which he is the active Secretary, and his researches 
have been materially aided by these means. 

‘‘ He has collated the logs of vessels crossing the Indian Ocean, extending 
over a period of between twenty and thirty years, and has derived from these 
some very important results. In the first place, it has been almost established 
by these observations that the behaviour of the barometer at the Alauritius 
affords an indication of storms taking place between that island and the 
Cape of Good Hope. By a study of these logs of ships he is also able to tell 
in what directions such storms travel, and thus he is able to give very 
valuable advice to ships' mastews who should happen to be at the Alauritius. 
Moreover, Mr. Meldrum’s recent obscTvations tend to show that the cyclones 
in the Indian Ocean are periodical, and occur most frequently during those 
years when there are most sun-sj)ots. 

In addition to this work, Mr. Meldrum’s duties require him constantly 
to attend to the routine work of his observatory, to keep the time, &c. He 
is almost unprovided with assistants ; and if he happens to be unwell flic 
current work of the observatory is liable in a measure to be stopped. On 
account of overwork, Mr. Meldrum has lately been unwell for two months, 
although not so unwell as to put a stop to all his scientific labours. 

* Tlie resolution was adopted by the Council, with the following modification : — “Tliat 
the Council take steps to induce the Colonial Office to afford BiUficient pecuniary aid to 
the Observatory at Mauritius to enable an investigation of Cyclones to bo carried on 
thcre.’^ 
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“ Tho importance of maintaining the sequence of the observations in the 
Mauritius Observatory, of further collating tho logs of ships, and of con- 
tinuing the inquiry into tho periodicity of cyclones, has induced the British 
Association to urge upon your Lordship the necessity of affording additional 
assistance to Mr. Meldrum, to enable him to pursue these labours and perform 
his duties in a satisfactory manner. 

“ It may be assumed that such assistance, to be efficient, will cost about 
£300 a year beyond tho present cost of tho establishment ; and if it is to be 
of value for tho purpose of the investigation into the periodicity of cyclones, 
this additional allowance will have to be continued for a period of about 
ten years. 

‘‘ I trust that tho scientific importance of this subject will induce your 
Lordship to give this matter your favourable consideration, and to place Mr. 
Meldrum in a position to complete the inquiries he has commenced with so 
much success. 

“ I have the honour to be, 

My Lord, 

“ Your most obedient Servant, 

(Signed) “ William B. Carpenter, 

President of the British AssoemtionP 
The Biijht Hon, the Earl of Khnherleij, 

Secretary of State for ColoniesP 


“ Downing Street, 
19th December, 1872. 

Sir, — I am directed by the Earl of Kimberley to acknowledge the 
receipt of your letter of the 10th instant, urging, on behalf of the British 
Association, the necessity of affording additional assistance to Mr. Meldrum in 
his labours at the Mauritius Observatory. 

<< The Colonial Government is well aware of the value of the Meteoro- 
logical researches now carried on at their Observatory by Mr. Meldrum ; but 
the state of the finances of the Colony is such that no increase can be made 
to any of the Government establishments except on urgent grounds. 

“ The Secretary of State will, however, in deference to the wish ex- 
pressed by the British Association, forward a copy of your letter to the 
Governor for his consideration and report. 

“ I am, Sir, 

Your obedient Servant, 

(Signed) K. M. Meade.” 


“ Downing Street, 

18th February, 1873. 

« Sir, — With reference to my letter of the 19th December last, I now 
forward to you, by the Earl of Kimberley’s desire, the copy of a despatch 
which has been received from the Governor of Mauritius on the subject 
of affording assistance to Mr. Meldmm of the Mauritius Observatory. Lord 
Kimberley regrets that he cannot authorize any further charge for this 
service on the Colonial Revenue. 

I am. Sir, 

‘‘ Your obedient Servtot, 

(Signed) H. T. Holland.” 
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Sir A. H, Gordon to the Earl of Kimberley. 

“ €k)vemment House, Mah^ Seychelles, 
16th January, 1873. 

“ Mt Lokd, — I have had the honour to receive your Lordship’s despatch 
(No. 302) of the 20th ultimo on the subject of the assistance to be afforded 
to Mr. Meldrum of the Mauritius Observatoi^. 

2. Some slight increase was made in this year’s estimates to the amount 
voted for this purpose, but not to the extent proposed by the British 
Association. 

“ 3. The whole subject is one in respect to which I should be glad to be 
informed of your Lordship’s views and wishes. 

4. It is admitted, and indeed the increased grant is urged by the British 
Association on this ground, that the benefit of Mr. Meldrum’s investigations 
is of general application, and that it is the advancement of science, and not 
any special interest of Mauritius itself that is concerned. Under these cir- 
ciunstances I confess that it seems to me hardly just that the revenue of 
Mauritius should bear the whole burden of these investigations, and that 
the Imperial Treasury, or, at all events, the Meteorological Society, might 
be fairly called upon to defray a part of the expenses incurred. 

I have &c., 

(Signed) Arxiitjb Gordon.’’ 

The Bight Hon^ the Earl of Kimhcrleg, ^c, 

In consequence of this communication the Council requested the President 
to urge upon the Lords Commissioners of Her Majesty’s Treasury the 
desirability of affording such pecuniary aid to the Mauritius Observatory as 
would enable the Director to continue his observations on the periodicity of 
Cyclones; and an intimation has been received from Her Majesty’s Govern- 
ment that an inquiry into the condition, size, and cost of the Establishment 
of the Mauritius is now being conducted by a Special Commission fVom 
England, pending which inquiry no increase of expenditure upon the 
Observatory can be sanctioned ; but that when the results of this inquiry 
shall be made known the Secretary of State for the Colonies will direct 
the attention of the Governor to the subject. 

Second Besolution, — That, in the event of the Council having reason 
to believe that any changes affecting the acknowledged efficiency and 
scientific character of the botanical establishment at Kew are contemplated 
by the Government, the Council be requested to take such steps as in 
their judgment will be conducive to the interests of botanical science in 
this country.” 

The Council have not deemed it necessary to take any action upon this 
Besolution. 

Third Besolution.~*^ That the Council be requested to tako such steps 
as they may deem desirable to urge upon the Indian Government the pre- 
paration of a Photoheliograph and other instruments for solar observa- 
tion, with the view of assisting in the observation of the Transit of Venus 
in 1874, and for the continuation of solar observations in India.” 

The Council communicated with His Grace the Duke of Argyll, the 
Secretary of State for India, upon the subject, with the result explained in 
the following correspondence ; — 
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** British Association for the Adranoetnent of Scienoei 
22 Albemarle Street^ W., Noresmber 27th, 1872. 

Mr liORB Duke, —O n behalf of the British Association, I have the hononr 
to urge upon your Grace^s consideration the importance of making adequate 
preparation in India for the observation of the Transit of Yenus in 1874, as 
Tvell as of making provision for the continuation of solar observations in India, 
a matter to which the Council attach special importance. 

The observations ought to comprise both eye and photographic records ; 
and the following instruments are specially recommended by the Council as 
tliose which it is desirable to procure at once. The photographic records 
should be made in the manner determined upon by the Astronomer Boyal 
and by M. Otto Struve for the Bussian Government— namely, by means of a 
Photohcliograph, on the principle of the instrument which has been worked 
at the Kew Observatory during ten years, but improved both in the optical 
and mechanical parts. 

Por eye-observations it will be desirable to have a Telescope of the greatest 
excellence, of 6-inch aperture, mounted cquatoriaUy in the best manner, with 
a clockwork driver. It is also desirable to have a 4-mch telescope, mounted 
equatorially, and driven by clockwork. 

A transit instrument with clock, and one or two chronometers, and also 
an Altazimuth Instrument. 

‘‘ As the 6-inch equatorial would be available afterwards for Sun Observa- 
tions, it would be desirable to fit it with a Spectroscope of sufficient dispersive 
power to permit of the prominences being observed efficiently. 

“ The Council would recommend that the Heliograph should be worked 
continuously in India, inasmuch as such records are calculated to throw 
much light upon the causes of climatic changes, and it is impossible in any 
one locality to secure a continuous record of the sun’s activity : observations 
of this nature are about to bo proceeded with at the Boyal Observatory, 
Greenwich ; but past experience has shown that, on the average, half the 
days in the year are unproductive, and it is hoped that if India cooperates 
the gaps may be filled up. 

“ The Council of the Association trust that the importance of the subject 
will induce your Grace to give the matter a favourable consideration, 

“ I have the honour to be, 

My Lord Duke, 

Your most obedient Servant, 

(Signed) “ W. B. Carpenteb, 

President of the Bntish Association^ 

‘‘ His Grace The Duke of Argyll, K, G,, 

Secretary of State for IndiaP 


“ India Office, 
Deceml^r ISth, 1872. 

Sir,— I am directed by the Secretary of State for India in Council to 
acknowledge the receipt of your letter of the 27th ultimo, expressing the 
desire of the Council of the British Association that provision may be made 
in India for observation in that country of the Transit of Yenus in 1874, 
and for a continuation of solar observations in future. 

In reply, I am desired by the Duke of Argyll to state that His Grace 
has been in correspondence with the Astronomer Boyal and the Government 
of India with reference to an observation in Northern India of the Transit of 

d2 
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Venus, and tliat a photoheliograph and other instruments are now in course 
of preparation for this object. 

With reference to the continuation of future solar observations in India, 
I am to add that there is a Government Astronomer in the Madras Presi- 
dency, and a Superintendent of the Colaba Observatory in the Bombay 
Presidency, besides Officers employed in the Survey Department in Bengal 
and the North-western Provinces, all of whom are engaged from time to time 
in recording observations of this nature. 

“ I am, Sir, 

Your obedient Servant, 
(Signed) Heema^n Meeivale.’^ 

” WUllam B, Carj^enter^ Esq,, 

British Association y 

22 Albemarle Street y W.” 


“ India Office, 
February 28th, 1873. 

Sib, — With reference to my letter of the 13th of December last, relative 
to an observation in India of the Transit of the planet Venus in December 
1874, 1 am directed to state, for the information of the Council of the British 
Association for the Advancement of Science, that the Secretary of State for 
India in Council, having reconsidered this matter, and looking to the number 
of existing burdens on the revenues of India, and to the fact that the selection 
of any station in that country was not originally contemplated for ‘ eye- 
observations ’ of the transit, has determined to sanction only the expendi- 
ture (X356 7s, tod.) necessary for the purchase and packing of a Photo- 
heliograph, and any further outlay that may be requisite for the adaptation 
of such instruments as may be now in India available for the purpose of the 
proposed observation. 

“ The Duke of Argyll in Council has been led to sanction thus much of 
the scheme proposed by Lieut. -Colonel Tennant, in consequence of the recom- 
mendation submitted by the Astronomer Iloyal in favour of the use of pho- 
tography for an observation of the transit at some place in Northern India. 

I am, Sir, 

Your obedient Servant, 
(Signed) ‘‘ Heeman Meeivale.” 

‘‘ William B. Carpenter, Esq,, 

British Association.” 


The General Committee will recollect that a Committee was appointed at 
Exeter in 1869, on the Laws Begulating the Flow and Action of Water 
holding Solid Matter in Suspension, consisting of Mr. J. Hawkslcy, Professor 
Rankine, Mr. K. A. Grantham, Sir A. S. Waugh, and Mr. T. Login, with 
authority to represent to the Government the desirability of undertaking 
experiments bearing on the subject. The Committee presented a Memorial 
to the Indian Government, who have recently intimated their intention of 
advancing a sum of £2000 to enable Mr. Login to carry on experiments. 

The Council regret to have to announce the death of their Clerk, Mr. 
Askham, who was always most assiduous in his attention to his duties. 
They have appointed Mr. H. C. Stewardson in his place. 

Iliey recommend that a gratuity of <£50 be given to Mr. Askham’s 

Widow. 
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The Council have added the following list of names of gentlemen present 
at the last Meeting of the Association to the list of Corresponding Members 


M. C. Bergeron. Lausanne. 
Professor E. Croullebois. Paris. 
Professor G. Bevalquo. Liege. 

M. W. de Eonvielle. Paris. 
Professor Paul Gervais. Paris. 
Professor James Hall. Albany, Hew 
York. 


Mr. J. E. Hilgard. Coast Survey, 
Washington. 

M. Georges Lemoine. Paris. 
Professor Victor von Kichter. St. 
Petersburg. 

Professor Carl Semper. Wiirtzburg. 
Professor A. Wurtz. Paris. 


The General Committee will remember that Belfast has already been 
selected as the place of meeting for next year. The Council have been in- 
formed that invitations to hold subsequent Meetings at Bristol and Glasgow 
will bo presented to the General Committee. 


Becommendations adopted dy the General Committee at the Bradford 
Meeting in September 1873. 

[When Committees are appointed, the Member first named is regarded as the Secretary, 
except there is a specific nomination.] 

Involving Grants of Money, 

That the Committee, consisting of Professor Cayley, Professor G. G. Stokes, 
Professor H. J. S. Smith, Professor Sir W. Thomson, and Mr. J. W. L. Glaisher 
(Secretary), on Mathematical Tables be reappointed, with a grant of jClOOfor 
the completion of the tabulation of the Elliptic Functions. 

That the sum of £100 be granted to the Committee on Mathematical Tables 
towards the printing of the tables of the Elliptic Functions that have been 
calculated by the Committee. 

That Mr. Glaisher, Colonel Strange, Professor Sir W. Thomson, Mr. Brooke, 
Mr. Walker, M. de Eonvielle, Professor Zenger, and Mr. Mann (Secretary), 
be a Committee for the purpose of investigating the efficacy of Lightning- 
conductors, giving suggestions for their improvement, and reporting upon any 
cjise in which a building has been injured by lightning, especially where such 
building was professedly protected by a lightning-conductor, and that the sum 
of £50 granted last year, but not expended, be regranted to the Committee. 

That a Committee be appointed, consisting of Professor Balfour Stewart, Mr. 
Glaisher, and Mr. Lockyer, and that a grant of £100 be made to them in order 
to provide assistance to Mr. Mcldrura in conducting meteorological researches 
in Mauritius. 

That Professor Balfour Stewart and Mr. W. F. Barrett be a Committee for 
the purpose of investigating the magnetization of Iron, Nickel, and Cobalt, 
and that the sum of £20 be placed at their disposal for the purpose. 

That the Committee for reporting on the Bainfall of the British Isles, con- 
sisting of Mr. Charles Brooke, Mr. Glaisher, Professor Phillips, Mr. G. J. 
Symons, Mr. J. F. Bateman, Mr. T. Hawksley, Mr. C. Tomlinson, and Mr. 
Bogers Field, be reappointed ; that Mr. G. J. Symons be the Secretary, and 
that a grant of £100 be placed at their disposal for the purpose. 

That the Committee, consisting of Mr. James Glaisher, Mr. B. P. Greg, 
Mr. Charles Brooke, Professor G. Forbes, and Professor A. 8. Herschel, be 
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reappointed, and the sum of X30 be placed at their disposal for the purpose 
of showing the radiant-points of shooting-stars on graphical charts. 

That the Committee on Thermo-Electricity, consisting of Professor Tait, 
Professor Tyndall, and Professor Balfour Stewart, be reappointed, and that 
the sum of £50 be placed at their disposal for the purpose. 

That Professor A. W. Williamson, Professor Sir W, Thomson, Professor 
Clerk Maxwell, Professor G. C. Foster, Mr. Abel, Professor F. Jonkin, Mr. 
Siemens, and Mr. E. Sabine be reappointed a Committee for the purpose of 
testing the l^ew Pyrometer of Mr. Siemens, and that the sum of £30 (which 
was granted last year and has lapsed) be regranted to the Committee. 

That Professor Crum Brown, Mr. Dewar, Professor Tait, Professor Sir W. 
Thomson, and Dr. Gladstone bo a Committee for the purpose of conducting in- 
vestigations as to the determination of High Temperatures by various methods ; 
that Mr. Dewar be the Secretary, and that the sum of £70 be placed at their 
disposal for the purpose. 

That Professor Williamson, Professor Eoscoe, and Professor Frankland be 
a Committee for the purpose of superintending the Monthly Eecords of the 
Progress of Chemistry published in the Journal of the Chemical Society, and 
that the sum of £100 be placed at their disposal for the purpose. 

That Dr. Gladstone, Dr. C. E. A. Wright, and Mr. Chandler Eoberts be 
reappointed a Committee for the purpose of investigating the chemical con- 
stitution and optical properties of essential oils ; that Mr. Chandler Eoberts 
be the Secretary; that the sum of £10 be placed at their disposal for the 
purpose ; and that the subject of investigation be Isomeric Turpencs and their 
Derivatives. 

That Dr. H. A. Armstrong and Dr. Thorpe bo a Committee for the purpose 
of investigating Isomeric Cresols and their Derivatives ; that Dr. Armstrong 
be the Secretary, and that the sum of £20 bo placed at their disposal for the 
purpose. 

That Professor A. S. Herschel and Mr. G. A. Lebour bo a Committee for 
the purpose of conducting experiments on the conducting-power for Heat of 
certain rocks ; that Professor Herschel be the Secretary, and that the sum of 
£10 be placed at their disposal for the purpose. 

That Professor Phillips, Professor Harkness, Mr. Henry Woodward, Mr. 
James Thomson, Mr. John Brigg, and Mr. L. C. Miall be a Committee for the 
purpose of investigating and reporting upon the Labyrinthodonts of the Coal- 
measures ; that Mr. L. C. Miall be the Secretary, and tliat the sum of £10 
be placed at their disposal for the purpose. 

That Dr. Bryce and Mr. William Jolly bo a Committee* for the purpose of 
collecting Fossils from localities of difficult access in the north-west of Scotland; 
that the specimens be deposited as arranged in the Ecsolution of last year ; 
that Mr. William Jolly be the Secretary, and that the sum of £10 be placed 
at their disposal for the purpose. 

That the Eev. T. Wiltshire, Mr. J. Thomson, and Professor W. C.WiUiamson 
be a Committee for the purjjose of continuing the investigation of Mountain 
Limestone Corals, and the preparation of plates for publication, and that the 
Committee be requested to direct their attention to the early publication of 
the results hitherto attained ; that Mr. James Thomson be the Secretary, and 
that the sum of £25 be placed at their disposal for the purpose. 

That Mr, H. Willett, Mr. E. A. C. Godwin- Austen, W. Topley, Mr. Da- 
vidson, Mr. Prestwich, Professor Boyd Dawkins, and Mr. Henry Woodward 
be a Committee for the pui-pose of promoting the “ Sub-Wealden Explora- 
tion ; that Mr. H. WiEett be the Secretary, and that the sum of £26 be 
placed at their disposal for the purpose. 
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That Sir C. Lyell, Bart., Professor Phillips, Sir Joha Lubbock, Bari, Mr* 

J. Evans, Mr. E. Vivian, Mr. W. Pengelly, Mr. G. Busk, Mr. W. B. Pawkius, 
Mr. W. A. Sanford, and Mr; J. E. Lee be a Committee for the purpose of 
continuing the exploration of Kent’s Cavern, Torquay ; that Mr. PengeUy be 
the Secretary, and that the sum of .£150 be placed at their disposal for the 
purpose. 

That Professor Harkness, Mr. Prestwich, Professor Hughes, Eev. H, W. 
Crosskey, Messrs. C. J. Woodward, W. Boyd Dawkins, George Maw, L. 0, 
Miall, G. H. Morton, and J. E. Lee be a Committee for the purpose of re^ 
cording the position, height above the sea, lithological characters, size, and 
origin of the more important of the Erratic Blocks of England and Wales, 
reporting other matters of interest connected with the same, and taking mea*« 
sures for their preservation ; that the Eev. H. W. Crosskey be the Secretary, 
and that the sum of *£10 be placed at their disposal for the purpose. 

That Mr. Henry Woodward, Professor W. C. Williamson, Mr. E. W. Eudler, 
Mr. L. C. Miall, Mr. W. Topley, Mr. W. Whitaker, and Mr. G. A. Lebour bo 
a Committee for the purpose of preparing a Eecord of Geological and Palae- 
ontological Literature ; that Mr. Henry Woodward be the Secretary, and that 
the sum of XI 00 be placed at their disposal for the purpose. 

That Sir John Lubbock, Bart., Professor Phillips, Professor Hughes, 
Messrs. W. Boyd Dawkins, L. C. Miall, and E. H. Tiddeman be a Committee 
for the purpose of assisting the exploration of the Victoria Cave, Settle ; that 
E. H. Tiddeman be the Secretary, and that the sum of X50 be placed at their 
disposal for the purpose. 

That Mr. Stainton, Sir John Lubbock, and Professor Newton be reappointed 
a Committee for the purpose of continuing a Eecord of Zoological Literature ; 
that Mr. Stainton he the Secretary, and that the sum of XI 00 be placed at 
their disposal for the purpose. 

That Mr. Gwyn Jeffreys, Mr. G. S. Brady, Mr. Eohertson, and Mr. H. 
Brady be a Committee for the purpose of dredging off the coasts of Durham 
and North Yorkshire ; that Mr. H. Brady be the Secretary, and that the sum 
of X30 be placed at their disposal for the purpose. 

That Professor Balfour, Dr. M^'Kendrick, and Mr. Dewar be a Committee 
for the purpose of carrying on investigations into the Physiological Action of 
Light ; that Dr. M^Kendrick be the Secretary, and that the sum of X20 be 
idaccd at their disposal for the purpose. 

That Dr. Pye-Smith, Dr. Bruiiton, and Mr. West he a Committee for the 
purpose of making physiological researches on the nature of intestinal secre- 
tion ; that Dr. Brunton he the Secretary, and that the sum of X20 be placed 
at their disposal for the purpose. 

That Dr. M. Poster, Mr. E. Eay Lankester, Dr. Anton Dohrn, and Mr. A. G. 
Dow-Smith be a Committee for determining the best methods of breeding the 
embryos of delicate marine organisms ; that Dr. Anton Dohm be the Secre- 
tary, and that the sum of X30 be placed at their disposal for the purpose. 

That Colonel Lane Pox, Dr. Beddoe, Mr. Pranks, Mr. Prancis Galton, Mr. 
Edward Brabrook, Sir J. Lubbock, Bart., Sir Walter Elliot, Mr. Clements E. 
Markham, and Mr. E. B. Tylor be reappointed a Committee for the purpose 
of preparing and pubUshing brief forms of instruction for travellers, ethnolo- 
gists, and other anthropological observers ; that Colonel Lane Pox he the Ser 
cretaiy, and that the sum of X50 be placed at their disposal for the purpose, 
X26 being the renewal of the unexpended grant of last year. 

That Lord Houghton, Professor Thorold Eogers, W. Newmarch, Professor 
Fawcett, M.P., Jacob Behrens, P, P. FeUows, E. H. Inglis Palgrave, Archi- 
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bald Hamilton, and S. Brown be a Committee for the purpose of inquiring 
into the economic effect of combinations of labourers or capitalists, and into 
the laws of Economic Science bearing on the principles on which they are 
founded ; that Professor L. Levi be the Secretary, and that the sum of £25 
be placed at their disposal for the purpose. 

That the Committee on instruments for measuring the speed of ships be 
reappointed ; that it consist of the following Members : — Mr. W. Froude, Mr. 
F. J. Bramwell, Mr. A. E. Fletcher, Eev. E. L. Berthon, Mr. James B. Napier, 
Mr. C. W. Merrifield, Hr. C. W. Siemens, Mr. H. M. Brunei, Mr. W. Smith, 
Sir William Thomson, and Mr. J. N. Shoolbred ; that Mr. J. N. Shoolbred bo 
the Secretary, and that the sum of £50 be placed at their disposal for the 
purpose. 

That the sum of ,£50 be granted to Mr. Askham’s widow (recommended 
by the Council). 

Applications for Reports and Researches not involving Grants of Money, 

That Professor Sylvester, Professor Cayley, Professor Hirst, Bcv. Professor 
Bartholomew Price, Professor H. J. S. Smith, Dr. Spottiswoode, Mr. B. B. 
Hayward, Dr. Salmon, Bev. B. Townsend, Professor Fuller, Professor Kel- 
land, Mr. J. M. Wilson, and Professor Clifford be reaj^pointed a Committee 
(with power to add to their number) for the purpose of considering the pos- 
sibility of improving the methods of instruction in elementary geometry ; and 
that Professor Clifford be the Secretary. 

That the Committee, consisting of Dr. Joule, Professor Sir W. Thomson, 
Professor Tait, Profeasor Balfour Stewart, and Professor J. Clerk Maxwell, 
be reappointed to effect the determination of the Mechanical Equivalent of 
Heat. 

That the Committee, consisting of the following Members, with power to 
add to their number, — Professor Boscoe, Professor W. G. Adams, Professor 
Andrews, Professor Balfour, Mr. Baxendell, Mr. Bramwell, Professor A. Cnim 
Brown, Mr. Buchan, Dr. Carpenter, Professor Core, Dr. De La Bue, Professor 
Thisclton Dyer, Sir Walter Elliot, Professor Flower, Professor G. C. Foster, 
Professor M. Foster, Colonel Lane Fox, Professor Geikio, Dr. J. H. Gladstone, 
Mr. Griffith, Bev. B. Harley, Dr. Hirst, Dr. Hooker, Dr. Huggins, Professor 
Huxley, Professor Fleeming Jenkin, Dr. Joule, Dr. Lankester, Mr. J. N. 
Lockyer, Professor Clerk Maxwell, Mr. D. Milne-Home, Dr. O’Callaghan, 
Professor Odling, Professor Bamsay, Dr. Spottiswoode, Mr. Stainton, Professor 
Balfour Stewart, Colonel Strange, Professor Tait, Mr. J. A. Tinne, Professor 
Allen Thomson, Professor Sir William Thomson, Professor Wyville Thomson, 
Professor Turner, Mr. G. Y. Yemen, Professor A. W. Williamson, Professor 
Young, Professor Boscoe being the Secretary, — ^be reappointed — 

1®, to consider and report on the best means of advancing science by 
Lectures, with authority to act, subject to the approval of the 
Council, in the course of the present year, if judged desirable. 

2®, to consider and report whether any steps can be taken to render 
scientific organization more complete and effectual. 

That the Eclipse Committee, consisting of the President and General Officers 
(with power to add to their number), be reappointed. 

That the Committee on Tides, consisting of Professor Sir W. Thomson, 
Professor J. C. Adams, Mr. J. Oldham, Bear-Admiral Bichards, General 
Strachey, Mr. W. Parkes, Mr. Webster, and Colonel Walker, be reappointed. 
That the Conunittee on Underground Temperature, consisting of Professor 



RECOMMENDATIONS OP THE GENERAL COMMITTEE. IvH 

Everett (Secretary), Professor Sir W. Thomson, Sir Charles Lyell, Bart., Pro- 
fessor J. Clerk Maxwell, Professor Phillips, Mr. G. J. Symons, Professor 
Ramsay, Professor Geikie, Mr. Glaisher, Rev. Dr. Graham, Mr. George Maw, 
Mr. Pengelly, Mr. S. J. Mackie, Professor Edward Hull, and Professor Ansted, 
ho reappointed, with the addition of Dr. Clement Le Neve Poster. 

That the Committee, consisting of Dr. Huggins, Mr. J. N. Lockyer, Dr. 
Reynolds, and Mr. Stoney, on Inverse Wave-lengths, be reappointed, and that 
Mr. Spottiswoode, Dr. De La Rue, and Dr. W. M. Watts be added to the 
Committee. 

That the Committee, consisting of Professor Cayley, Mr. J. W. L. Glaisher, 
Dr. W. Pole, Mr. Merrifield, Professor Puller, Mr. H. M. Brunei, and Pro- 
fessor W. K. Clifford, be reappointed to estimate the cost of constructing Mr. 
Babbage’s Analytical Engine, and to consider the advisability of printing 
tables by its means. 

That Mr. W. H. L. Russell be requested to continue his Report on recent 
progress in the Theory of Elliptic and Hyperelliptic Punctions. 

That Professor H. J. 8. Smith, Professor Clifford, Professor W. G. Adams, 
Professor Balfour Stewart, Mr. J. G. Pitch, Mr. George Griffith, Mr. IVIarshall 
Watts, Professor Everett-, Professor G. Carey Poster, and Mr. W. P. Barrett 
bo a Committee (with power to add to their number) to consider and report 
on the extent and method of teaching Physics in Schools, and that Professor 
G. Carey Poster be the Secretary. 

That Professor Sir W. Thomson, Professor Everett, Professor G. C. Foster, 
Professor J. Clerk Maxwell, Mr. G. J. Stoney, Professor Pleeming Jenkin, 
Dr. Siemens, Mr. Bramwell, Professor W. G. Adams, and Professor Balfour 
Stewart be a Committee for reporting on the Nomenclature of Dynamical and 
Electrical Units, and that Professor Everett be the Secretary. 

That Professor Tait be requested to prepare a Report on Quaternions. 

That Mr. Roberts, Dr. Mills, J. S. Sellon, Dr. Boycott, and Mr. Gadesden 
be a Committee for the puiq)ose of inquiring into the method of making gold 
assays, and stating the results thereof ; that Mr. W. C. Roberts be the Se- 
cretary. 

That Dr. Bryce, Professor Sir W. Thomson, Mr. J. Brough, Mr. G. Porbes, 
Mr. D. Milne-Holmc, and Mr. J. Thomson be a Committee for the purpose 
of continuing the Observations and Records of Earthquakes in Scotland, and 
that Dr. Bryce be the Secretary. 

That the Rev. H. P. Barnes, Mr. Dresser, Mr. Harland, Mr. Harting, 
Professor Newton, and the Rev. Canon Tristram be reappointed a Committeo 
for the purpose of inquiring into the possibility of establishing a close time ” 
for the protection of indigenous animals, and that Mr. Dresser be the Se- 
cretary. 

That Professor Balfour, Dr. Cleghom, Mr. Hutchinson, Mr. Buchan, and 
Mr. Sadler be reappointed a Committee for the purpose of taking observations 
on the effect of the denudation of timber on the rainfall of North Britain ; 
that Mr. Hutchinson bo the Secretary. 

That Dr. Carpenter, Professor Allman, Professor Newton, and Mr. H. B. 
Brady be a Committee for the purpose of inquiring into and reporting upon 
the possibility of increasing the scientific usefulness of the Aquaria at Brighton 
and Sydenham ; that Dr. Carpenter be the Secretary. 

That the Metric Committee be reappointed, such Committee to consist of 
The Right Hon. Sir Stafford H. Northcote, Bart., C.B., M.P., The Right Hon. 
C. B. Adderley, M.P., Sir W. Armstrong, Mr. Samuel Brown, Dr. Parr, A. 
Hamilton, ProfossQF Prankland, Professor Hennessy, Professor Leone Levi, 
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Mr, C. W, Siemens, Professor A. W. Williamson, Major-Gen, Straohey, and 
Dr, Roberts ; that Professor Leone Leri be the Secretary, 

That the Committee for the purpose of continuing the investigations on the 
Treatment and Utilization of Sewage be renewed, and that such Committee 
consist of Mr. E. B. Grantham, Professor Corfield, Mr. Bramwell, Dr. J. H. 
Gilbert, Mr, W. Hope, and Professor Williamson. 

That Mr. J. K. Napier, Mr. F. J. Bramwell, Mr. C. W. Merrifield, Sir John 
Hawkshaw, Mr. T. Webster, Q.C., and Professor Osborne Eeynolds be a 
Committee for the purpose of considering and reporting on British Measures 
in use for mechanical and other purposes, and that Mr. C, W. Merrifield bo 
the Secretary. 

That Mr. Francis Galton, Mr. C. W. Merrifield, Mr. W. Froudo, and Pro- 
fessor Osborne Reynolds be a Committee for the purpose of obtaining a record 
of the varying amount of sea disturbance, and the measurement of waves 
near shore. 

That Mr. F. J. Bramwell, Mr. Hawkslcy, Mr. Edward Easton, Sir William 
Armstrong, and Mr. W- Hope bo a Committee to investigate and report upon 
the utilization and transmission of wind and water power ; that Mr. W. Hope 
be the Secretary. 

That Mr. H.Bessemor, Mr. F. J. Bramwell, Dr. Lyon Playfair, Dr. C. W. 
Siemens, and Mr. T. Webster, Q.C., be a Committee for the purpose of con- 
sidering and reporting on the contributions to science due to inventors and 
invention in the industrial arts, and that Mr. T. Webster, Q.C., be the Se- 
cretary. 

That Mr. W. H. Barlow, Mr. H. Bessemer, Mr. F. J. Bramwell, Captain 
Douglas Galton, Sir John Hawkshaw, Mr. C. W. Siemens, Professor Abel, and 
Mr. E. H. Carbutt be a Committee for the purpose of considering what steps 
can be taken in furtherance of the objects of the Address of the President of 
this Section [Mechanical] as to the use of steel for structural purposes, and that 
Mr. E, H. Carbutt be the Secretary. 


Sesoluiions referred to the Council for consideration and action if it seem 

desirable. 

That the Council be requested to take steps to bring the importance of the 
meteorological researches at Mauritius before the Government, in order that, 
when they become convinced of the value of these researches by the action of 
the Association, they may be induced to increase the assistance. 

That the Council be requested to take such stops as they may eonsidor 
desirable for the purpose of representing to Her Majosty^s Government the 
importance of the scientific results to be obtained from Arctic Exploration. 

That the Council be requested to consider tho possibility and expediency 
of making arrangements for the constitution of an Annual Museum for the 
exhibition of specimens and apparatus on a similar footing to that of the 
Sections, and similarly provided with oflScers to superintend the arrange- 
ments. 

That the Council of the British Association bo requested to communicate 
with the authorities in charge of the St. Gothard Tunnel, with the view of 
obtaining permission for the Committee on Underground Temperature to take 
observations on temperature during the progress of the works. 
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Communwations ordered to he printed in extenso in the Annual Report of 

the Association, 

That Professor A. Schafarik’s paper ‘‘ On the visibility of the dark side of 
Venus bo printed in extenso among the Reports. 

That Mr. Meldrum’s paper “ On a Periodicity of Cyclones and Rainfall in 
connexion with the Sun-spot Periodicity ” bo printed in extenso among the 
Reports. 

That the Tables (extending to 3 or 4 pages) appended to Mr. Gwyn 
Jeffreys’s paper On Mediterranean Mollusca be printed in the Report. 

That Mr. Pengelly’s paper, The Flint and Chert Implements found in 
Kent’s Cavern, Torquay, Devonshire,” read in the department of Anthro- 
pology, be printed in extenso in the Annual Report. 

That Mr. Firth’s paper ‘‘ On the Coal-cutting Machine ” and Mr. GotPs 
paper (with the diagrams, on the understanding that the blocks be supplied) 
“ On the Bradford Waterworks ” be printed in extenso in the Annual Volume. 

Resolution referred to the Parliamentary Committee, 

That the Memorial from the Council of the Leeds Philosophical and 
Literary Society to the General Committee of the British Association be 
referred to the Parliamentary Committee. 


[Copy.] 

Memorial from the Council of the Leeds Philosophical and Literary Society to 
the General Committee of the British Association, 

The Council of the Leeds Philosophical and Literary Society desrie to 
direct the attention of the General Committee of the British Association to a 
question of legislation capable of alFccting prejudicially a number of Societies 
engaged in the promotion of science. 

Since the British Association recognizes as one of its functions the vigilant 
observation through its Parliamentary Committee of current legislation affect- 
ing the interests of science, your memorialists have much confidence in bring- 
ing the subject before it. 

The Rating Bill introduced by Government during the last Session of Par- 
liament, proposed to withdraw from Scientific and Literary Societies the ex- 
emption from rating specially conferred upon them by an Act passed about 
thirty years ago. 

The Institution which your memorialists represent, like many others, 
would have suffered seriously in its capability of maintaining a large Public 
Museum had this Bill become law. 


After the discussion of the question in Parliament, your memorialists are 
convinced that no sufficient reason exists for thus abstracting from the funds 
of Scientific and Literary Societies a sum of money which is important to 
their efficiency, but too small to affect appreciably the question of the distri- 
bution of taxation. So many exemptions of religious and educational insti- 
tutions were admitted by the amended Bill, that it could lay no claim to 
uniformity in its treatment of the subject of Rating. 

Your memorialists respectfully invito the attention of the General Com- 
mittee of the British Association to this subject, with the view of maintain- 
ing the present exemption, should further legislation be undertaken. 

Signed, 

By order of the Council of the Leeds Philosophical and Literary Society, 


Thomas Wilson, 
Richard Reynolds, 


I Eon, Secretaries, 


Sept. 9th, 1873. 
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Synopsis of Grants of Money appropriated to Scientific Purposes by 
the General Committee at the Bradford Meeting in September 1873. 
The names of the Members who would be entitled to call on the 
General Ti'easurer for the respective Grants are prefixed. 


Mathematics and Physics. 

♦Cayley, Professor. — Mathematical Tables 100 0 0 

Cayley, Professor. — Printing Mathematical Tables 100 0 0 

Glaisher, Mr. J. — Efficacy of Lightning Conductors (renewed) 50 0 0 

Balfour Stewart, Professor. — Mauritius Observatory 100 0 0 

Balfour Stewart, Professor. — Magnetization of Iron 20 0 0 

♦Brooke, Mr. — British Bainfall 100 0 0 

♦Glaisher, Mr. J. — Luminous Meteors 30 0 0 

♦Tait, Professor. — Thermo-Electricity (renewed) 50 0 0 

♦Williamson, Prof. A. W. — Testing Siemens's New Pyrometer 

(renewed) 30 0 0 

Chemistry. 

♦Brown, Professor Crum. — High Temperature of Bodies (partly 

renewed) 70 0 0 

♦Williamson, Prof. A. W. — Ilccords of the Progress of Chemistry 

(£100 renewed) 100 0 0 

♦Gladstone, Dr. — Chemical Constitution and Optical Properties 

of Essential Oils 10 0 0 

Armstrong, Dr. — Isomeric Cresols and their Derivatives .... 20 0 0 

Geology, 

Herschel, Professor. — Thermal Conducting-power of Bocks. . 10 0 0 

Phillips, Professor. — Labyrinthodonts of the Coal-measures .. 10 0 0 

♦Bryce, Dr. — Collection of Fossils in the North-west of Scotland 10 0 0 

♦Wiltshire, Kev. T.- — Investigation of Fossil Corals 25 0 0 

♦Willett, Mr. H. — The Sub-Wealden Exploration 25 0 0 

♦Lyell, Sir C., Bart. — Kent’s Cavern Exploration 150 0 0 

♦Harkness, Professor. — Mapping Positions of Erratic Blocks and 

Boulders 10 0 0 

Woodward, Mr. H. — Eecord of Geological and Palaeontological 

Literature 100 0 0 

♦Lubbock, Sir J. — Exploration of Victoria Cave 50 0 0 

Carried forward • £1170 0 0 


* Reappointed. 



SYNOPSIS OP GRANTS OP MONEY. Ixi 

Biology. 

Brought forward ^1170 0 0 

*Lano Fox, CoL A. — Forms of Instruction for Travellers (<£25 

renewed) 50 0 0 

*Stainton, Mr, — Eecord of the Progress of Zoology 100 0 0 

Jeffreys, Mr. Gwyn. — Dredging off the Coasts of Yorkshire . . 30 0 0 

Balfour, Professor, — Physiological Action of Light 20 0 0 

Pye-Smith, Dr.— The Nature of Intestinal Secretion 20 0 0 

Foster, Dr. M. — Methods of Breeding the Embryos of Delicate 
Marino Organisms 30 0 0 

Statistics and Economic Science. 

Houghton, Lord.— Economic Effects of Trades Unions 25 0 0 

Mechanics. 

*Froude, Mr. W. — Instruments for Measuring the Speed of 

Ships and Currents (renewed) 50 0 0 

”i495~ 0 "O 

Askham s Widow, Mr 50 0 0 

Total.... X1545 0 0 

* Reappointed. 


The Annual Meeting in 1874. 

The Meeting at Belfast will commence on Wednesday, August 19, 1874. 
Place of Meeting in 1875. 

The Annual Meeting of the Association in 1875 will he held at Bristol. 
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General Statement of Sums which have been paid on Account of Grants 
for Scientific Purposes* 


JS 8. d. 

1834. 

Tide Discussions * 20 0 0 

1835. 

Tide Discussions C2 0 0 

British Fossil Ichthyology 105 0 0 

^167 0 0 


1836. 

Tide Discussions 163 0 0 

British Fossil Ichthyology 105 0 0 

Thermometric Observations, &c. 50 0 0 

Experiments on long-continued 

Heat 17 1 0 

Rain-Gauges 9 13 0 

Refraction Experiments 15 0 0 

Lunar Nutation 60 0 0 

Thermometers 15 6 0 

'^6434 14 0 


1837. 

Tide Discussions 284 1 0 

Chemical Constants 24 13 6 

Lunar Nutation 70 0 0 

Observations on Waves 100 12 0 

Tides at Bristol 150 0 0 

Meteorology and Subterranean 

Temperature.... 89 5 0 

Vitrification Experiments 150 0 0 

Heart Experiments 8 4 6 

Barometric Observations 30 0 0 

Barometers 11 18 6 

“£?)r8~r4 6 


1838. 

Tide Discussions 29 0 0 

British Fossil Fishes 100 0 0 

Meteorological Observations and 

Anemometer (construction) ... 100 0 0 

Cast Iron (Strength of) 60 0 0 

Animal and Vegetable Substances 

(Preservation of) 19 1 10 

Railway Constants 41 12 10 

Bristol Tides 50 0 0 

Growth of Plants 75 0 0 

Mud in Rivers 3 6 6 

Education Committee 50 0 0 

Heart Experiments 5 3 0 

Land and Sea Level 267 8 7 

Subterranean Temperature 8 6 0 

Steam-vessels..... 100 0 0 

Meteorological Committee 31 9 5 

Thermometers 16 4 0 

Je956 12 2 


1839. 

Fossil Ichthyology 110 0 0 

Meteorological Observations at 

Plymouth 63 10 0 

Mechanism of Waves 144 2 0 

Bristol Tides 35 18 6 


£ 8. d. 

Meteorology and Subterranean 


Temperature 21 11 0 

Vitrification ExperimentSc, 9 4 7 

Cast-Iron Experiments 100 0 0 

Railway Constants 28 7 2 

Land and Sea Level 274 1 4 

Steam-vessels’ Engines 100 0 0 

Stars in Histoire Celeste 331 18 6 

Stars in Lacaille 11 0 0 

Stars in R. A. S. Catalogue 6 16 6 

Animal Secretions 10 10 0 

Steam-engines in Cornwall 50 0 0 

Atmospheric Air 16 1 0 

Cast and Wrought Iron 40 0 0 

Heat on Organic Bodies 3 0 0 

Gases on Solar Spectrum 22 0 0 

Hourly Meteorological Observa- 
tions, Inverness and Kingussie 49 7 8 

Fossil Reptiles 118 2 9 

Mining Statistics 50 0 0 

'dei595 11 o' 


1840. 

Bristol Tides 100 0 0 

Subterranean Temperature 13 13 6 

Heart Experiments 18 19 0 

Lungs Experiments 8 13 0 

Tide Discussions 50 0 0 

Land and Sea Level 6 11 1 

Stars* (Histoire Celeste) 242 10 0 

Stars (Lacaille) 4 15 0 

Stars (Catalogue) 264 0 0 

Atmospheric Air 15 15 0 

Water on Iron 10 0 0 

Heat on Organic Bodies 7 0 0 

Meteorological Observations 52 17 6 

Foreign Scientific Memoirs 112 1 6 

Working Population 100 0 0 

School Statistics 50 0 0 

Forms of Vessels 184 7 0 

Chemical and Electrical Pheno- 
mena 40 0 0 

Meteorological Observations at 

Plymouth 80 0 0 

Magnetical Observations 185 13 9 

£1546 16 4 


1841. 

Observations on Waves 30 0 0 

Meteorology and Subterranean 

Temperature... 8 8 0 

Actinometers 10 0 0 

Earthquake Shocks 17 7 0 

Acrid Poisons 6 0 0 

Veins and Absorbents 3 0 0 

Mud in Rivers 6 0 0 

Marine Zoology 15 12 0 

Skeleton Maps 20 0 8 

Mountain Barometers 6 18 6 

Stars (Histoire Celeste) 185 0 0 
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£ s, d. 

Stars (Lacaille) 19 5 0 

Stars (Nomenclature of) 17 19 6 

Stars (Catalogue of) 40 0 0 

Water on Iron 50 0 0 

Meteorological Observations at 

Inverness 20 0 0 

Meteorological Observations (re- 
duction of) 25 0 0 

Fossil Reptiles 50 0 0 

Foreign Memoirs 62 0 0 

Railway Sections .................. 38 1 6 

Forms of Vessels 193 12 0 

Meteorological Observations at 

Plymouth 55 0 0 

Maguetical Observations 6118 8 

Fishes of the Old Red Sandstone 100 0 0 

Tides at Leith 50 0 0 

Anemometer at Edinburgh 69 110 

Tabulating Observations 9 6 3 

Races of Men 5 0 0 

Radiate Animals 2 0 0 

E1235 10 11 


1842. 

Dynamometric Instruments ...... 113 11 2 

Anoplura Britannise «... 52 12 0 

Tides at Bristol... 59 8 0 

Gases on Light 30 14 7 

Chronometers 26 17 6 

Marine Zoology 15 0 

British Fossil Mammalia 100 0 0 

Statistics of Education 20 0 0 

Marine Steam-vessels* Engines... 28 0 0 

Stars (Histoire Celeste)..... 59 0 0 

Stars (Brit. Assoc. Cat. of) ...... 110 0 0 

Railway Sections 161 10 0 

British Belemnites 50 0 0 

Fossil Reptiles (publication of 

Report) 210 0 0 

Forms of Vessels 180 0 0 

Galvanic Experiments on Rocks 5 8 6 

Meteorological Experiments at 

Plymouth 68 0 0 

Constant Indicator and Dynamo- 
metric Instruments 90 0 0 

Force of Wind 10 0 0 

Light on Growth of Seeds 8 0 0 

Vital Statistics 50 0 0 

Vegetative Power of Seeds 8 1 11 

Questions on Human Race ...... 7 9 0 

.£1449 17 8 


1843. 

Revision of the Nomenclature of 

Stars 2 0 0 

Reduction of Stars, British Asso- 
ciation Catalogue 25 0 0 

Anomalous Tides, Frith of Forth 120 0 0 
Hourly Meteorological Observa- 
tions at Kingussie andinverness 77 12 8 
Meteorological Observations at 

Plymouth 55 0 0 

Whe well’s Meteorological Ane- 
mometer at Plymouth 10 0 0 


Meteorological Observations, Os- 
ier’s Anemometer at Plymouth 20 0 0 
Reduction of Meteorological Ob- 
servations 30 6 0 

Meteorological Instruments and 

Gratuities 39 6 0 

Construction of Anemometer at 

Inverness 66 12 2 

Magnetic Cooperation 10 8 10 

Meteorological Recorder for Kew 

Observatory 50 0 0 

Action of Gases on Light ........ 18 16 1 

Establishment at Kew Observa- 
tory, Wages, Repairs, Furni- 
ture and Sundries 133 4 7 

Experiments by Captive Balloons 81 8 0 
Oxidation of the Rails of Railways 20 0 0 
Publication of Report on Fossil 

Reptiles 40 0 0 

Coloured Drawings of Railway 

Sections 147 18 3 

Registration of Earthquake 

Shocks 30 0 0 

Report on Zoological Nomencla- 
ture 10 0 0 

Uncovering Lower Red Sand- 
stone near Manchester 4 4 6 

Vegetative Power of Seeds 5 3 8 

Marine Testacea (Habits of) ... 10 0 0 

Marine Zoology 10 0 0 

Marine Zoology 2 14 11 

Preparation of Report on British 

Fossil Mammalia 100 0 0 

Physiological Operations of Me- 
dicinal Agents 20 0 0 

Vital Statistics 36 5 8 

Additional Experiments on the 

Forms of Vessels 70 0 0 

Additional Experiments on the 

Forms of Vessels 100 0 0 

Reduction of Experiments on the 

Forms of Vessels 100 0 0 

Morin’s Instrument and Constant 

Indicator 69 14 10 

Experiments on the Strength of 
Materials 60 0 0 


£1565 10 2 

1844. 

Meteorological Observations at 

Kingussie and Inverness ...... 12 0 0 

Completing Observations at Ply- 
mouth 35 0 0 

Magnetic and Meteorological Co- 
operation 25 8 4 

Publication of the British Asso- 
ciation Catalogue of Stars 35 0 0 

Observations on Tides on the 

East coast of Scotland 100 0 0 

Revision of the Nomenclature of 

Stars 1842 2 9 6 

Maintaining the Establishment in 

Kew Observatory.. 117 17 S 

Instruments for Kew Observatory 56 7 3 
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Influence of Light on Plants 10 0 

Subterraneous Temperature in 

Ireland 5 0 

Coloured Drawings of Railway 

Sections 15 17 

Investigation of Fossil Fishes of 

the Lower Tertiary Strata ... 100 0 

Registering the Shocks of Earth- 
quakes 1842 23 11 

Structure of Fossil Shells 20 0 

Radiata and Mollusca of the 

iEgean and Red Seas 1842 100 0 

Geographical Distributions of 

Marine Zoology 1842 10 0 

Marine Zoology of Devon and 

Cornwall 10 0 

Marine Zoology of Corfu 10 0 

Experiments on the Vitality of 

Seeds 0 0 

Experiments on the Vitality of 

Seeds 1842 8 7 

Exotic Anoplura 15 0 

Strength of Materials 100 0 

Completing Experiments on the 

Forms of Ships 100 0 

Inquiries into Asphyxia 10 0 

Investigations on the Internal 

Constitution of Metals 50 0 

Constant Indicator and Morin’s 

Instrument .......18 42 10 3 

£981 12 

1845. 

Publication of the British Associa- 
tion Catalogue of Stars 351 14 

Meteorological Observations at 


Computation of the Gaussian 

Constants for 1829 50 

Maintaining the Establishment at 

Kew Observatory 146 

Strength of Materials 60 

Researches in Asphyxia 6 

Examuiation of Fossil Shells 10 

Vitality of Seeds 1844 2 

Vitality of Seeds 1845 7 

Marine Zoology of Cornwall 10 

Marine Zoology of Britain 10 

Exotic Anoplura 1844 25 

Expenses attending Anemometers 1 1 

Anemometers’ Repairs 2 

Atmospheric Waves 8 

Captive Balloons 1844 8 ! 

Varieties of the Human Race 

1844 7 

Statistics of Sickness and Mor- 
tality in York 12 

£685~ 

1847. 

Computation of the Gaussian 

Constants for 1829 50 

Habits of Marine Animals 10 

Physiological Action of Medicines 20 

Marine Zoology of Cornwall 10 

Atmospheric Waves 6 

Vitality of Seeds 4 

Maintaining the Establishment at 

Kew’ Observatory 107 

_jfi208 

1848. 

Maintaining the Establishment at 


Magnetic and Meteorological Co- 
operation 

Meteorological Instruments at 

Edinburgh 

Reduction of Aneraometrical Ob- 


Electrical Experiments at Kew 


30 

18 

11 

Kew Observatory 



171 

15 

11 




Atmo‘*pheric Waves 


3 

10 

9 

16 

16 

8 

Vitality of Seeds 


9 

15 

0 




Completion of Catalogues of Stars 

70 

0 

0 

18 

11 

9 

On Colouring Matters ...... 


5 

0 

0 




On Growth of Plants 


15 

0 

0 

25 

0 

0 


£275 

1 

8 

43 

17 

8 

1849. 






Maintaining the Establishment in 

Kew Observatory 149 15 

For Kreil’s Barometrograph 25 0 

Gases from Iron Furnaces 50 0 

The Actinograph 15 0 

Microscopic Structure of Shells 20 0 

Exotic Anoplura 1843 10 0 

Vitality of Seeds 1843 2 0 

Vitality of Seeds 1844 7 0 

Murine Zoology of Cornwall ... 10 0 

Physiological Action of Medicines 20 0 

Statistics of Sickness and Mor- 
tality in York 20 0 

Earthquake Shocks ..1843 15 14 

~"£830 '9 

1840. 

British Association Catalogue of 

Stars 1844 211 15 

Fofsil Fishes of the London Clay^ 100 0 


Electrical Observations at Kew 

0 Observatory 50 0 0 

9 Maintaining Establishment at 

0 ditto 76 2 5 

0 Vitality of Seeds 5 8 1 

0 On Growth of Plants 5 0 0 

9 Registration of Periodical Phe- 

7 nomena 19 9 0 

9 Bill on account of Anemometrical 


Observations 


.. 13 9 0 

£159 19 6 


0 1859. 

_8 Maintaining the Establishment at 

0 Kew Observatory 255 18 0 

— Transit of Earthquake Waves ... 59 0 0 

Periodical Phenomena 15 9 0 

Meteorological Instruments, 

9 Azores ....... .mm 25 0 0 

® J6345 18 0 



GENERAL STATEMENT, 


Ixv 

£ §n d. 


£ s. d. 

1851. 

Maintaining the Establishment at 
Kew Observatory (includes part 

of grant in 1849) 309 2 2 

Theory of Heat 20 1 1 

Periodical Phenomena of Animals 

and Plants 6 0 0 

Vitality of Seeds 5 6 4 

Influence of Solar Radiation 30 0 0 

Ethnological Inquiries 12 0 0 

Researches on Annelida 10 0 0 


ie391 9 7 

1852. 

Maintaining the Establishment at 
Kew Observatory (including 
balance of grant for 1850) ... 233 17 8 

Experiments on the Conduction 

of Heat 5 2 9 

Influence of Solar Radiations ... 20 0 0 

Geological Map of Ireland 15 0 0 

Researches on the British Anne> 


Strickland’s Ornithological Syno- 


nyms 100 0 0 

Dredging and Dredging Forms... 9 13 9 

Chemical Action of Light 20 0 0 

Strength of Iron Plates 10 0 0 

Registration of Periodical Pheno- 
mena 10 0 0 

Propagation of Salmon 10 0 0 

JS734 13 9 

1857. — — • 

Maintaining the Establishment at 

Kew Observatory 350 0 0 

Earthquake Wave Experiments. . 40 0 0 

Dredging near Belfast 10 0 0 

Dredging on the West Coast of 

Scotland 10 0 0 

Investigations into the Mollusca 

of California 10 0 0 

Experiments on Flax 5 0 0 

Natural History of Madagascar. . 20 0 0 

Researches on British Annelida 25 0 0 


lida. 


10 0 0 ’ 


Vitality of Seeds 10 6 2 

Strength of Boiler Plates 10 0 0 

£304 6 7 

1853. " 

Maintaining the Establishment at 

Kew Observatory 165 0 0 

Experiments on the Influence of 

Solar Radiation 15 0 0 

Researches on the British Anne- 
lida 10 0 0 

Dredging on the East Coast of 

Scotland 10 0 0 

Ethnological Queries 5 0 0 


£205 0 0 

1854. ' 

Maintaining the Establishment at 
Kew Observatory (including 


balance of former grant) 330 15 4 

Investigations on Flax 11 0 0 

Effects of Temperature on 

Wrought Iron 10 0 0 

Registration of Periodical Phe- 
nomena 10 0 0 

British Annelida 10 0 0 

Vitality of Seeds 5 2 3 

Conduction of Heat 4 2 0 

£380 19 7 

1855. — 

Maintaining the Establishment at 

Kew Observatory 425 0 0 

Earthquake Movements 10 0 0 

Physical Aspect of the Moon 11 8 5 

Vitality of Seeds 10 7 11 

Map of the World 15 0 0 

Ethnological Queries 5 0 0 

Dredging near Belfast 4 0 0 


£480 16 4 

1856. 


Maintaining the Establishment at 
Kew Observatory 

1854 £ 75 0 01 ... 

in It!) f 


0 


0 


Report on Natural Products im- 
ported into Liverpool 10 0 0 

Artificial Propagation of Salmon 10 0 0 

Temperature of Mines 7 8 0 

Thermometers for Subterranean 

Observations 5 7 4 

Life-Boats 5 0 0 


£507 15 4 

1858. 


Maintaining the Establishment at 

Kew Observatory 500 0 0 

Earthquake Wave Experiments.. 25 0 0 

Dredging on the West Coast of 


Scotland 10 0 0 

Dredging near Dublin 5 0 0 

Vitality of Seeds 5 5 0 

Dredging near Belfast 18 13 2 


Report on the British Annelida... 25 0 0 

Experiments on the production 
of Heat by Motion in Fluids ... 20 0 0 

Report on the Natural Products 


imported into Scotland 10 0 0 

£618 18 2 

1859. " 

Maintaining the Establishment at 

Kew Observatory 500 0 0 

Dredging near Dublin 15 0 0 

Osteology of Birds..... 50 0 0 

Iribh Tunicata 5 0 0 

Manure Experiments 20 0 0 

British Medusidse 5 0 0 

Dredging Committee 5 0 0 

Steam-vessels’ Performance 5 0 0 

Marine Fauna of South and West 

of Ireland 10 0 0 

Photographic Chemistry 10 0 0 

Lanarkshire Fossils 20 0 1 

Balloon Ascents., 39 11 0 

£684 11 I 

1860. ~ 
Maintaining the Establishment 

of Kew Observatory 500 0 0 

Dredging near Belfast.... 16 6 0 

Sm, THm,. TV return. ^ 
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£ 8, d. 

Inquiry into the Performance of 

Steam- vessels 124 0 0 

Explorations in the Yellow Sand- 
stone of Dura Den 20 0 0 

Chemico-mechanical Analysis of 

Rocks and Minerals 25 0 0 

Researches on the Growth of 

Plants 10 0 0 

Researches on the Solubility of 

Salts 30 0 0 

Researches on the Constituents 


of Manures 25 0 0 

Balance of Captive Balloon Ac- 


counts... 

1 

13 

6 

£1241 

7 

0 

1861. 




Maintaining the Establishment 




of Kew Observatory 

500 

0 

0 

Earthquake Experiments 

25 

0 

0 

Dredging North and East Coasts 




of Scotland 

23 

0 

0 

Dredging Committee : — 




1860 £50 0 01 

'TO 

A 

A 

1861 £22 0 0 j 




Excavations at Dura Den 

20 

0 

0 

Solubility of Salts 

20 

0 

0 

Steam-vessel Performance 

150 

0 

0 

Fossils of Lesraahago 

15 

0 

0 

Explorations at Uriconium 

20 

0 

0 

Chemical Alloys 

20 

0 

0 

Classifiexl Index to the Transac- 




tions 

100 

0 

0 

Dredging in the Mersey and Dee 

5 

0 

0 

Dip Circle 

30 

0 

0 

Photoheliograpbic Observations 

50 

0 

0 

Prison Diet 

20 

0 

0 

Gauging of Water. 

10 

0 

0 

Alpine Ascents 

6 

5 

1 

Constituents of Manures 

25 

0 

0 

£1111 

T" 

10 


1862. 


Maintaining the Establishment 


of Kew Observatory 

500 

0 

0 

Patent Laws 

21 

6 

0 

Mollusca of N.-W. America 

10 

0 

0 

Natural History by Mercantile 




Marine 

5 

0 

0 

Tidal Observations 

25 

0 

0 

Photoheliometer at Kew 

40 

0 

0 

Photographic Pictures of the Sun 

150 

0 

0 

Rocks of Donegal 

25 

0 

0 

Dredging Durham and North- 




umberland 

25 

0 

0 

Connexion of Storms 

20 

0 

0 


Dredging North-east Coast of 

Scotland 6 9 6 


Ravages of Teredo 

3 

11 

0 

Standards of Electrical Resistance 

50 

0 

0 

Railway Accidents 

10 

0 

0 

Balloon Committee 

200 

0 

0 

Dredging Dublin Bay 

10 

0 

0 

Dredging the Mersey 

5 

0 

0 

Prison Diet 

20 

0 

0 

Gauging of Water 

12 

10 

0 


£ 8. d. 

Steamships* Performance 150 0 0 

Thermo-Electric Currents ...... 6 0 0 

*jE1293 16 6 

1863. ~ 
Maintaining the Establishment 

of Kew Observatory 600 0 0 

Balloon Committee deficiency... 70 0 0 
Balloon Ascents (other expenses) 25 0 0 

Entozoa 25 0 0 

Coal Fossils 20 0 0 

Herrings 20 0 0 

Granites of Donegal 5 0 0 

Prison Diet 20 0 0 

Vertical Atmospheric Movements 13 0 0 

Dredging Shetland 50 0 0 

I>)redging North-east coast of 

Scotland 25 0 0 

Dredging Northumberland and 

Durham 17 3 10 

Dredging Committee superin- 
tendence 10 0 0 

Steamship Performance 100 0 0 

Balloon Committee 200 0 0 

Carbon under pressure 10 0 0 

Volcanic Temperature 100 0 0 

Bromide of Ammonium 8 0 0 

Electrical Standards 100 0 0 

Construction and distribu- 
tion 40 0 0 

Luminous Meteors 17 0 0 

Kew Additional Buildings for 

Photoheliograph 100 0 0 

Thermo- Electricity 15 0 0 

Analysis of Rocks 8 0 0 

Hydroida 10 0 0 

£ 1608 3 10 

1864. 

Maintaining the Establishment 

of Kew Observatory 600 0 0 

Coal Fossils 20 0 0 

Vertical Atmospheric Move- 
ments 20 0 0 

Dredging Shetland 75 0 0 

Dredging Northumberland 25 0 0 

Balloon Committee 200 0 0 

Carbon under pressure 10 0 0 

Standards of Electric Resistance 100 0 0 

Analysis of Rocks 10 0 0 

Hydroida 10 0 0 

Askham'sGift 50 0 0 

Nitrite of Arayle 10 0 0 

Nomenclature Committee 5 0 0 

Rain-Gauges 19 15 8 

Cast' Iron Investigation 20 0 0 

Tidal Observations in the Humber 50 0 0 

Spectral Rays 45 0 0 

Luminous Meteors 20 0 0 

£1289 15 8 

1865. " 

Maintaining the Establishment 

of Kew Observatory 600 0 0 

Balloon Committee 100 0 o 

Hydroida 13 0 0 
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£ 8, d, 

Rain-Gauges 30 0 0 

Tidal Observations in the Humber 6 8 0 

Hexylic Compounds 20 0 0 

Amyl Compounds 20 0 0 

Irish Flora 25 0 0 

American Mollusca 3 9 0 

Organic Acids 20 0 0 

Lingula Flags Excavation 10 0 0 

Eurypterus 50 0 0 

Electrical Standards 100 0 0 

Malta Caves Researches 30 0 0 

Oyster Breeding 25 0 0 

Gibraltar Caves Researches 150 0 0 

Kent’s Hole Excavations 100 0 0 

Moon’s Surface Observations ... 35 0 0 

Marine Fauna 25 0 0 

Dredging Aberdeenshire 25 0 0 

Dredging Channel Islands 50 0 0 

Zoological Nomenclature 5 0 0 

Resistance of Floating Bodies in 

Water 100 0 0 

Bath Waters Analysis 8 10 0 

Luminous Meteors 40 0 0 

£1591 7 10 

1866. ^ 
Maintaining the Establishment 

of Kew Observatory 600 0 0 

Lunar Committee 64 13 4 

Balloon Committee 50 0 0 

Metrical Committee 50 0 0 

British Rainfall 50 0 0 

Kilkenny Coal Fields 16 0 0 

Alum Bay Fossil Leaf-Bed 15 0 0 

Luminous Meteors 50 0 0 

Lingula Flags Excavation 20 0 0 

Chemical Constitution of Cast 

Iron 50 0 0 

Amyl Compounds 25 0 0 

Electrical Standards 100 0 0 

Malta Caves Exploration 30 0 0 

Kent’s Hole Exploration 200 0 0 

Marine Fauna, &c., Devon and 

Cornwall 25 0 0 

Dredging Aberdeenshire Coast... 25 0 0 

Dredging Hebrides Coast 50 0 0 

Dredging the Mersey 5 0 0 

Resistance of Floating Bodies in^ 

Water 50 0 0 

Polycyanides of Organic Radi- 
cals 20 0 0 

Rigor Mortis 10 0 0 

Irish Annelida 15 0 0 

Catalogue of Crania 50 0 0 

Didine Birds of Mascarene Islands 50 0 0 

Typical Crania Researches 30 0 0 

Palestine Exploration Fund 100 0 0 

£1750 13 4 


1867. 

Maintaining the Establishment 


of Kew Observatory 600 0 0 

Meteorological Instruments, Pa- 
lestine 50 0 0 

Lunar Committee 120 0 0 


£ a. d. 

Metrical Committee 30 0 0 

Kent’s Hole Explorations 100 0 0 

Palestine Explorations 50 0 0 

Insect Fauna, Palestine ......... 30 0 0 

British Rainfall 50 0 0 

Kilkenny Coal Fields 25 0 0 

Alum Bay Fossil Leaf- Bed 25 0 0 

Luminous Meteors 50 0 0 

Bournemouth, &c. Leaf-Beds ... 30 0 0 

Dredging Shetland 75 0 0 

Steamship Reports Condensation 100 0 0 

Electrical Standards 100 0 0 

Ethyle and Methyle series 25 0 0 

Fossil Crustacea 25 0 0 

Sound under Water 24 4 0 

North Greenland Fauna 75 0 0 

Do. Plant Beds ... 100 0 0 

Iron and Steel Manufacture ... 25 0 0 

Patent Laws 30 0 0 

£1739 4 0 

1868. 

Maintaining the Establishment 

of Kew Observatory 600 0 0 

Lunar Committee 120 0 0 

Metrical Committee 50 0 0 

Zoological Record 100 0 0 

Kent’s Hole Explorations 150 0 0 

Steamship Performances 100 0 0 

British Rainfall 50 0 0 

Luminous Meteors 50 0 0 

Organic Acids 60 0 0 

Fossil Crustacea 25 0 0 

Methyl series 25 0 0 

Mercury and Bile 25 0 0 

Organic remains in Limestone 

Rocks 25 0 0 

Scottish Earthquakes 20 0 0 

Fauna, Devon and Cornwall ... 30 0 0 

British Fossil Corals 50 0 0 

Bagshot Leaf-beds 50 0 0 

Greenland Explorations 100 0 0 

Fossil Flora 25 0 0 

Tidal Observations 100 0 0 

Underground Temperature 50 0 0 

Spectroscopic investigations of 

Animal Substances 5 0 0 

Secondary Reptiles, &c 30 0 0 

British Marine Invertebrate 
Fauna 100 0 0 

£1940 0 0 

1869. 

Maintaining the Establishment 

of Kew Observatory 600 0 0 

Lunar Committee 50 0 0 

Metrical Committee 25 0 0 

Zoological Record 100 0 0 

Committee on Gases in Deep- 

well Water 25 0 0 

British Rainfall 50 0 0 

Thermal Conductivity of Iron, 

&c 30 0 0 

Kent’s Hole Explorations 150 0 0 

Steamship Performances 30 0 0 
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£ «. d 

Chemical Constitution of Cast 


Iron 80 0 0 

Iron and Steel Manufacture ... 100 0 0 

Methyl Series 30 0 0 

Organic remains in Limestone 

Rocks 10 0 0 

Earthquakes in Scotland 10 0 0 

British Fossil Corals 50 0 0 

Bagshot Leaf'Beds 30 0 0 

Fossil Flora i 25 0 0 

Tidal Observations 100 0 0 

Underground Temperature 30 0 0 

Spectroscopic Investigations of 

Animal Substances 5 0 0 

Organic Acids 12 0 0 

Kiltorcan Fossils 20 0 0 

Chemical Constitution and Phy- 
siological Action Relations ... 15 0 0 

Mountain Limestone Fossils 25 0 0 

Utilization of Sewage 10 0 0 

Products of Digestion 10 0 0 


jei622 0 0 


1870. 

Maintaining the Establishment of 

Kew Observatory 600 0 0 

Metrical Committee 25 0 0 

Zoological Record 100 0 0 

Committee on Marine Fauna ... 20 0 0 

Ears in Fishes 16 0 0 

Chemical nature of Cast Iron ... 80 0 0 

Luminous Meteors 30 0 0 

Heat in the Blood 15 0 0 

British Rmnfall 100 0 0 

Thermal Conductivity of Iron &c. 20 0 0 

British Fossil Corals 50 0 0 

Kent’s Hole Explorations 150 0 0 

Scottish Earthquakes 4 0 0 

Bagshot Leaf-Beds 15 0 0 

Fossil Flora 25 0 0 

Tidal Observations 100 0 0 

Underground Temperature 50 0 0 

Kiltorcan Quarries Fossils 20 0 0 

Mountain Limestone Fossils ... 25 0 0 

Utilization of Sewage 50 0 0 

Organic Chemical Compounds... 30 0 0 

Onny River Sediment 3 0 0 

Mechanical Equivalent of Heat 50 0 0 

JE1572 0 0 


1871. 

Maintainingthe Establishment of 


Kew Observatory 600 0 0 

Monthly Reports of Progress in 

Chemistry 100 0 0 

Metrical Committee 25 0 0 

Zoological Record 100 0 0 

Thermal Equivalents of the 

Oxides of Chlorine 10 0 0 

Tidal Observations . 100 0 0 

Fonil Flora 25 0 0 


£ «. d. 

Luminous Meteors 30 0 0 

British Fossil Corals 25 0 0 

Heat in the Blood 7 2 6 

British Rainfall 50 0 0 

Kent’s Hole Explorations 150 0 0 

Fossil Crustacea 25 0 0 

Methyl Compounds 25 0 0 

Lunar Objects 20 0 0 

Fossil Corals Sections, for Pho- 
tographing 20 0 0 

Bagshot Leaf-Beds 20 0 0 

Moab Explorations 100 0 0 

Gaussian Constants 40 0 0 

£1472 2 6 

1872. 

Maintaining the Establishment of 

Kew Observatory 300 0 0 

Metrical Committee 75 0 0 

Zoological Record 100 0 0 

Tidal Committee 200 0 0 

Carboniferous Corals 25 0 0 

Organic Chemical Compounds 25 0 0 

Exploration of Moab 100 0 0 

Terato-Embryological Inquiries 10 0 0 

Kent’s Cavern Exploration 100 0 0 

Luminous Meteors 20 0 0 

Heat in the Blood 15 0 0 

Fossil Crustacea 25 0 0 

Fossil Elephants of Malta 25 0 0 

Lunar Objects 20 0 0 

Inverse Wave-Lengths 20 0 0 

British Rainfall 100 0 0 

Poisonous Substances Antago- 
nism ’. 10 0 0 

Essential Oils, Chemical Consti- 
tution, &c 40 0 0 

Mathematical Tables 50 0 0 

Thermal Conductivity of Meta ls 25 0 0 

£1285 0 0 
1873. ” 

Zoological Record 100 0 0 

Chemistry Record 200 0 0 

Tidal Committee 400 0 0 

Sewage Committee 100 0 0 

Kent’s Cavern Exploration 150 0 0 

Carboniferous Corals 25 0 0 

Fossil Elephants 25 0 0 

Wave-Lengths 150 0 0 

British Rainfall 100 0 0 

Essential Oils 30 0 0 

Mathematical Tables 100 0 0 

Gaussian Constants 10 0 0 

Sub-Wealden Explorations 25 0 0 

Underground Temperature 150 0 0 

Settle Cave Exploration 50 0 0 

Fossil Flora, Ireland 20 0 0 

Timber Denudation and Rainfall 20 0 0 

Luminous Meteors 30 0 0 


£1685 0 0 
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General Meetings. 


On Wednesday Evening, September 17, at 8 p.m., in St. George^s Hall, 
Hr. W. B. Carpenter, LL.I)., E.ll.S., President, resigned the office oi President 
to Professor Alexander W. Williamson, Ph.H., E.R.S., who took the Chair, 
and delivered an Address, for which see page Ixx. 

On Thursday Evening, September 18, at 8 p.m., a Soiree took place in 

St. George’s Hall. . vr n 

On Friday Evening, September 19, at 8.30 p.m., in St. George s Hail, 
Professor W. C. Williamson, F.R.S., delivered a Discom-se on “ Coal and 

Coal Plants.” „ _. 

On Saturday Evening, at 8 p.m., in St. George’s Hall, Dr. C. W. Siemens, 
F.11.S., delivered a Discourse on “Fuel” to the Operative Classes ot Bradford. 

On Monday Evening, September 'I'l, at 8.30 p.m., in St. Georgc^s Hal , 
Prof. Clerk Maxwell, F.R.S., delivered a Discourse on “ Molecules. 

On Tuesday Evening, September 23, at 8 p.m., a Soiree took place in 

the Mechanic’s Institute. i itr i.* 

On Wednesday, Se[)tembcr 24, at 2.30 p.m., the concluding General Meeting 
took place, when the Proceedings of the General Committee, and the Grants 
of Money for Scientific purposes, were explained to the Members. 

The Meeting was then adjourned to Belfast*. 

* The Meeting is appointed to take place on Wednesday, August 19, 1874. 



A D D E E S S 


OF 


ALEXANDER W. WILLIAMSON, Ph.D., P.R.S., 
PRESIDENT. 


Ladies and Gentlemen, — 

Instead of rising to address 3^00 on this occasion I had hoped to sit quietly 
amongst you, and to enjoy the intellectual treat of listening to the words of 
a man of whom England may well be proud — a man whose life has been 
spent in reading the great book of nature, for the purpose of enriching his 
fellow men with a knowledge of its truths — a man whose name is known 
and honoured in every corner of this planet to which a knowledge of science 
has penetrated — and, let me add, a man whose name will live in the grateful 
memory of mankind as long as the records of such noble work are preserved. 

At the last Meeting of the Association I had the pleasure of proposing that 
Dr. tfoule be elected President for the Bradford Meeting, and our Council 
succeeded in overcoming his reluctance and in persuading him to accept that 
of&ce. 

Nobly would Joule have discharged the duties of President had his bodil}’' 
health been equal to the task ; but it became apparent after a while that he 
could not rely upon sufficient strength to justify him in performing the duties 
of the Chair, and, in obedience to the orders of his physician, he placed his 
resignation in the hands of the Council about two months ago. When, under 
these circumstances, the Council did me the great honour of asking me to 
accept their nomination to the Presidentship, I felt that their request ought 
to have with me the weight of a command. 

For a good many years past Chemistry has been growing at a more and more 
rapid rate, growing in the number and variety of facts which are added to its 
domain, and not less remarkably in the clearness and consistency of the ideas 
by which these facts are explained and systematized. The current literature 
of chemical research extends each 3"ear to the dimensions of a small library ; 
and mere brief abstracts of the original papers published annually by the 
Chemical Society, partly aided by a grant from this Association, take up 
the chief part of a very stout volume. I could not, if I would, give you 
to-night even an outline of the chief newly discovered compounds and of the 
various changes which they undergo, describing each of them by its own 
name (often a very long one) and recording the specific properties which give 
to each substance its highest scientific interest. But I am sure that you 
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would not wish me to do so if I could ; for we do not meet here to study 
chemistry ; I conceive that we meet here for the purpose of considering what 
this wondrous activity in our science means, what is the use of it, and, true 
to our object as embodied in the name of this Association, to consider what 
wo can do to promote the Advancement of Science. I propose to lay before 
you some facts bearing on each of these questions, and to submit to you some 
considerations respecting them. 

In order to ascertain the meaning of the work which has been going on in 
chemistry, it will, I think, be desirable for us to consider the leading ideas 
which have been in the minds of chemists, and which guided their operations. 

iS’ow, since the father of modern chemistry, the great Dalton, gave to che- 
mists a firm hold of the idea of Atoms, their labours have been continually 
guided by that fundamental idea, and have confirmed it by a knowledge of 
more and more facts, while at the same time steadily adding to our know- 
ledge of the properties of atoms. Every chemist who is investigating a new 
compound takes for granted that it must consist of a great number of atom- 
clusters (called by him molecules^ aU of them alike, and each molecule con- 
sisting of a certain number of atoms of at least two kinds. One of his first 
endeavours is to ascertain how manj^ atoms of each kind there are in each 
molecule of the compound. 1 must not attempt to describe to you the various 
kinds of experiment which he performs for the purpose of getting this infor- 
mation, how each experiment is carried out with the aid of delicate instru- 
ments and ingenious contrivances found by long experience to enable him to 
obtain the most trustworthy and accurate results ; but I want to draw your 
attention to the reasoning by which he judges of the value of such experi- 
ments when they agree among themselves, and to the meaning which he at- 
taches to their result. 

If the result of his experiments does not nearly agree with any atomic for- 
mula (that is, if no conceivable cluster of atoms of the kinds known to be in 
the compound would on analysis give such results as those obtained), the 
chemist feels sure that his experiments must have been faulty : either the 
sample of substance which he worked upon contained foreign matter, or his 
analyses were not made with due care. He sets to work again, and goes on 
till he arrives at a result which is consistent with his knowledge of the com- 
bining-properties of atoms. It is hardly necessary to say that even the best 
experiment is liable to error, and that even a result obtained with the utmost 
care cannot be expected to afford more than an approximation to the truth. 
Every good analysis of a pure compound leads to results which approximate 
to those required by the Atomic Theory ; and chemists trust so thoroughly 
to the truth of that guide, that they correct the results of such analysis by the 
aid of it. 

The chemical idea of atoms serves for two purposes : — 

1. It gives a clear and consistent explanation of an immense number of facts 
discovered by experiment, and enables us to compare them with one another 
and to classify them. 

2. It leads to the anticipation of new facts, by suggesting new compounds 
w hich may be made ; at the same time it teaches us that no compounds 
can exist with their constituents in any other than atomic proportions, 
and that experiments which imply the existence of any such compounds are 
faulty. 

We have the testimony of the great Berzelius to the flood of light which the 
idea of atoms at once threw on the facts respecting combining proportions 
which had been accumulated before it was made known ; and from that time 

/2 
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forward ite value has rapidly increased as each succeeding; year augmented 
the number of facts which it explained. 

Allow me at this point of my narrative to pause for a moment in order to 
pay a tribute of respect and gratitude to the memory of one who has recently 
passed from among us, and who in the time of his full activity was a leader 
of the discoveries of new facts in the most difficult part of our science. 
Liebig has been generally known in this country through his writings on 
agricultural chemistry, throughhisjustlypopular letters on chemistry , and other 
writings, by means of which his brilliant intellect and ardent imagination 
stimulated men to think and to work. Among chemists he was famed for 
his numerous discoveries of new organic compounds, and their investigation 
b}'’ the aid of improved methods ; but I believe that the greatest service which 
his genius rendered to science was the establishment of the chemical school 
of Giessen, the prototype of the numerous chemical schools for which Germany 
is now so justly celebrated. I think it is not too much to say that the 
Giessen laboratory, as it existed some thirty years ago, was the most efficient 
organization for the promotion of chemistry which had ever existed. 

Picture to yourselves a little community of which each member was lired 
with enthusiasm for learning by the genius of the great master, and of which 
the best energies were concentrated on the one object of expe»'iraental inves- 
tigation. 

The students were for the most part men who had gone through a full 
curriculum of ordinary studies at some other University, and who were 
attracted from various parts of the world by the fame of this school of 
research. 

Most of the leading workers of the next generation were pupils of Liebig ; 
and many of them have established similar schools of research. 

We must not, however, overlook the fact that Liebig’s genius and enthusiasm 
would have been powerless in doing this admirable work, had not the rulers of 
his Grand-Duchy been enlightened enough to know that it was their duty to 
supply him with the material aids requisite for its successful accomplishment. 

Numberless new compounds have been discovered under the guidance of 
the idea of atoms ; and in proportion as our knowledge of substances and of 
their properties became more extensive, and our view of their characteristics 
more accurate and general, were we able to perceive the outlines of their natural 
arrangement, and to recognize the distinctive cliaracteristics of various classes 
of substances. I wish I could have the pleasure of describing to you the origin 
and nature of some of these admirable discoveries, such as homologous scries, 
types, radicals, &c. ; but it is more to our purpose to consider the effect which 
they have had upon the idea of atoms, an idea which, still in its infancy, wuis 
plunged into the intellectual turmoil arising from a variety of novel and original 
theories suggested respectively by independent workers as best suited for the 
explanation of the particular phenomena to which their attention was mainly 
directed. 

Each of these workers was inclined to attach quite sufficient importance to 
his own new idea, and to sacrifice for its sake any other one capable of inter- 
fering with its due development. 

The father of the atomic theoiy was no more ; and the little infant had no 
chance of life, unless from its own sterling merits it were found useful in the 
work still going on. 

What then was the result? Did it perish like an ephemeral creation of 
human fancy ? or did it survive and gain strength by the inquiries of those 
who questioned Nature and ^knew how to read her answers ? 
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Although anticipating my answer to these questions, you will probably be 
surprised to hear the actual result which I have to record, a result so won- 
derful that the more I think of it the more I marvel at it. J^ot only did 
these various theories contain nothing at variance with the atomic theory ; 
they were found to be natural and necessary developments of it, and to serve for 
its application to a variety of phenomena which were unknown to its founder. 

Among the improvements of our knowledge of atoms which have taken 
place, I ought to mention the better evaluations of the relative weight 
of atoms of different kinds, which have been made since Dalton^s time. 
More accurate experiments than those which were then on record have 
shown us that certain atoms are a little heavier or lighter than was then 
believed, and the work of perfecting our observations is constantly going 
on with the aid of better instruments and methods of operation. But, 
apart from these special corrections, a more sweeping change has taken place, 
not in consequence of more accurate experiments interpreted in the usual 
way, but in consequence of a more comprehensive view of the best experi- 
mental results which had been obtained, and a more consistent interpreta- 
tion of them. Thus the atomic weight of carbon had been fixed at 6 by 
Dumas’s admirable experiments ; and it was quite conceivable that a still 
more perfect determination might slightly increase or diminish this number. 
But those who introduced the more sweeping change asserted in substance 
that two of these supposed atoms, whatever may be the precise weight of 
each, always are together and never separate from one another; and they 
accordingly applied the term atom to that indivisible mass of carbon weighing 
twice as much as a carbon atom had been supposed to weigh. So also with 
regard to other elements, it has been shown that many atoms are really 
twice as heavy as had been supposed, according to the original interpretation 
of the best experiments. This change was brought about by w hat I may be 
permitted to call the operation of stock-taking. Dalton first took stock of 
our quantitative facts in a business-like manner ; but the amount and variety 
of our chemical stock increased so enormously after his time, that the second 
stock-taking absorbed the labours of several men for a good many years. 
They were men of different countries and very various turns of mind ; but, 
as I mentioned just now, they found no other fundamental idea to work 
with than Dalton’s ; and the result of their labours has been to confirm the 
truth of that idea and to extend greatly its application. 

One of the results of our endeavours to classify substances according to their 
natural resemblances has been the discovery of distinct family relationships 
among atoms, each family being distinguished by definite characteristics. 
Now, among the properties which thus characterize particular families of 
atoms, there is one of which the knowledge gradually worked out by the 
labours of an immense number of investigators must be admitted to consti- 
tute one of the most important additions ever made to our knowledge of these 
little masses. 

I will endeavour to explain it to you by a simple example. An atom of 
chlorine is able to combine with one atom of hydrogen or one atom of potas- 
sium ; but it cannot combine with two atoms. An atom of oxygen, on the 
other hand, can combine with two atoms of hydrogen or with two atoms of 
potassium, or with one atom of hydrogen and one of potassium; but we 
cannot get it in combination with one atom of hydrogen or of potassium 
solely. 

Again, an atom of nitrogen is known in combination with three atoms of 
hydrogen ; while an atom of carbon combines with four of hydrogen. Other 
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atoms are classified, from their resemblance to these respectively, as Monads, 
Dyads, Triads, Tetrads, ifec. 

The combining value which we thus recognize in the atoms of these several 
classes has led us naturally to a consideration of the order in which atoms 
are arranged in a molecule. Thus, in the compound of oxygen with hydro- 
gen and potassium, each of these latter atoms is directly combined with the 
oxygen, and the atom of oxygen serves as a connecting link between them. 
Hydrogen and potassium have never been found capable of uniting directly 
with one another ; but when both combined with one atom of oxygen they 
are in what may be called indirect combination with one another through 
the medium of that oxygen. 

One of the great difficulties of chemistry some few years ago was to ex- 
plain the constitution of isomeric compounds, those compounds whose mole- 
cules contain atoms of like kinds and in equal numbers, but which differ 
from one another in their properties. Thus a molecule of common ether 
contains four atoms of carbon, ten atoms of hydrogen, and one of oxygen. 
Butylic alcohol, a very different substance, has precisely the same composition. 
We now know that in the former the atom of oxygen is in the middle of a 
chain of carbon atoms, whereas in the latter it is at one end of that chain. 
You might fanc}' it impossible to decide upon any thing like consistent evi- 
dence such questions as this ; but I can assure you that the atomic theory, 
as now used by chemists, leads frequently to conclusions of this kind, which 
are confirmed by independent observers, and command general assent. Tliat 
these conclusions are, as far as they go, true descriptions of natural phe- 
nomena is shown by the fact that each of them serves in its turn as a step- 
ping-stone to further discoveries. 

One other extension of our knowledge of atoms I must briefly mention, 
one which has as yet received but little attention, yet which will, I venture 
to think, be found serviceable in the study of the forces which bring about 
chemical change. 

The original view of the constitution of molecules was statical ; and che- 
mists only took cognizance of those changes of place among their atoms which 
result in the disappearance of the molecules employed, and the appearance of 
new molecules formed by their reaction on one another. Thus, when a 
solution of common salt (sodic chloride) is mixed with a solution of silver 
nitrate, it is well known that the metallic atoms in these respective com- 
pounds change places with one another, forming silver chloride and sodic 
nitrate ; for the silver chloride soon settles to the bottom of the solution in 
the form of an insoluble powder, while the other product remains dissolved 
in the liquid. But as long as the solution of salt remained undecomposed, 
each little molecule in it was supposed to be chemically at rest. A parti- 
cular atom of sodium which was combined with an atom of chlorine was sup- 
posed to remain steadily fixed to it. When this inactive solution was mixed 
with the similarly inactive solution of silver nitrate, the interchange of atoms 
known to take place between their respective molecules was nominally ex- 
plained by the force of predisposing affinity. It was, in fact, supposed that 
the properties of the new compounds existed and produced effects before the 
compounds themselves had been formed. 

I had occasion to point out a good many years ago that molecules which 
appear to be chemically at rest are reacting on one another when in suitable 
conditions, in the same kind of way as those which are manifestly in a state 
of chemical change — that, for instance, the molecules of liquid sodic chloride 
exchange sodium atoms wi^h one another, forming new molecules of the same 
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compound undistinguishable from the first, so that, in an aggregate of like 
molecules, the apparent atomic rest is the result of the interchange of like 
atoms between contiguous molecules. 

Such exchanges of atoms take place not only between molecules of iden- 
tical composition, but also between contiguous molecules containing difterent 
elements. Por instance, in a mixture of sodic chloride and potassic iodide 
an interchange of metallic atoms takes place, forming potassic chloride and 
sodic iodide. The result of the exchange in such a case is to form a couple 
of new molecules different from the original couple. But these products are 
subject to the same general law of atomic exchanges, and their action on one 
another reproduces a couple of molecules of the materials. 

Thus a liquid mixture formed from two compounds, contains molecules of 
four kinds, which we may describe as the two materials and the two products. 
The materials are reacting on one another, forming the products ; and these 
products are, in their turn, reacting on one another, reproducing the materials. 

If one of the products of atomic exchange between two molecules is a solid 
while the other remains liquid (as when sodic chloride is mixed with silver 
nitrate), or if one is gaseous while the other remains liquid, so that the 
molecules of the one kind cannot react on those of the other kind and re- 
produce the materials, then the continued reaction of the materials on one 
another leads to their complete mutual decomposition. Such complete mu- 
tual decomposition of two salts takes place whenever they react on one 
another under such conditions that the products cannot react on one another 
and reproduce the materials; whereas partial decomposition takes place 
whenever the materials form a homogeneous mixture with the products. 

Is^ow, if in any such homogeneous mixture more exchanges of atoms take 
place between the materials than between the products, the number of mole- 
cules of the products is increased, because more of them are being made than 
unmade ; and reciprocally, if more exchanges of atoms take place between 
the products than between the materials, the number of molecules of the 
materials is increased. The mixture remains of constant composition when 
there are in the unit of time as many decomposing changes as reproducing 
changes. 

Suppose that we were to determine by experiment the proportion between 
the number of molecules of the materials, and the number of molecules of 
the products, in a mixture the composition of which remains constant, and 
that we found, for instance, twice as many of materials as of products ; what 
would this mean ? Why, if every two couples of materials only effect in the 
unit of time as many exchanges as every one couple of products, every couple 
of materials is only exchanging half as fast as every couple of products. 

In fact you perceive that a determination of the proportion in which the 
substances are present in such a mixture will give us a measure of the rela- 
tive velocities of those particular atomic motions ; and we may thus express 
our result : — The force of chemical combination is inversely proportional to 
the number of atomic interchanges. 

I cannot quit this part of our subject without alluding to the fact that 
some few chemists of such eminence as to be entitled to the most respectful 
attention, have of late years expressed an opinion that the idea of atoms is 
not necessary for the explanation of the changes in the chemical constitution 
of matter, and have sought as far as possible to exclude from their language 
any allusion to atoms. 

It would be out of place on this occasion to enter into any discussion of 
the questions thus raised ; but I think it right to point out : — 
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I. That these objectors have not shown us any inconsistency in tho atomic 
theory, nor in the conclusions to which it leads. 

II. That neither these nor any other philosophers have been able to ex- 
plain the facts of chemistry on the assumption that there eire no atoms, but 
that matter is infinitely divisible. 

III. That when they interpret their analyses, these chemists allow them- 
selves neither more nor less latitude than the Atomic Theory allows ; in fact 
they are unconsciously guided by it. 

These facts need no comment from me. 

Our science grows by the acquisition of now facts which have an intel- 
ligible place among our ideas of the order of nature ; but in proportion as 
more and more facts are arranged before us in their natural order, in pro- 
portion as our view of the order of nature becomes clearer and broader, we 
are able to observe and describe that order more fully and more accurately — 
in fact, to improve our ideas of the order of nature. These more extensive 
and more accurate ideas suggest new observations, and lead to the discovery 
of truths 'V'hich would have found no place in the narrower and less accurate 
system. Take away from Chemistry the ideas which connect and explain 
the multifarious facts observed, and it is no longer a science ; it is nothing 
more than a confused and useless heap of materials. 

Tho answer to our question respecting the meaning of tho earnest work 
which is going on in our science must, I think, now be plain to you. 
Chemists are examining the combining-properties of atoms, and getting clear 
ideas of the constitution of mutter. 

Admitting, then, for the present, that such is the meaning of chemical 
work, we heve to consider the more important question of its use; and I 
think you will agree with me that, in order to judge soundly whether and in 
what manner such a pursuit is useful, we have to consider its effect upon 
Man. What habits of mind does it engender? What powers does it de- 
velope ? Does it develope good and noble qualities and aspirations, and tend 
to make men more able and more anxious to do good to their fellow men ? 
Or is it a mere idle amusement, bearing no permanent fruits of improvement ? 

You will, I think, answer these questions yourselves if I can succeed in 
describing to you some of the chief qualities which experience has shown to 
be requisite for the successful pursuit of Chemistry, and which are neces- 
sarily cultivated by those who qualify themselves for such a career. 

One of the first requirements on the part of an investigator is accuracy in 
observing the phenomena with which he deals. He must not only see the 
precise particulars of a process as they present themselves to his observation ; 
he must also observe the order in which these particular appearances present 
themselves under the conditions of each experiment. No less essential is 
accuracy of memory. An experimental inquirer must remember accurately 
a number of facts ; and he needs to remember their mutual relations, so that 
one of them when present to his mind may recall those others which ought 
to be considered with it. In fact he cultivates the habit of remembering 
facts mainly by their place in nature. Accuracy in manual operations is 
required in all experimental inquiries ; and many of them afford scope for 
very considerable skill and dexterity. 

These elementary qualities are well known to be requisite for success in 
experimental science, and to be developed by careful practice of its methods ; 
but some higher qualities are quite as necessary as these in all but the most 
rudimentary manipulations, and are developed in a remarkable degree by the 
higher work of science, f 
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Thus it is of importance to notice that a singularly good training in the 
accurate use of words is afforded by experimental Chemistry. Every one 
who is about to enter on an inquiry, whether he he a first-year’s student 
who wants to find the constituents of a common salt, or whether he be the 
most skilled and experienced of Chemists, seeks beforehand to get such in- 
formation from the records of previous observations as may be most useful 
for his purpose. This information he obtains through the medium of words ; 
and any failure on his part to understand the precise meaning of the words 
conveying the information requisite for his guidance is liable to lead him 
astray. Those elementary exercises in analytical chemistry, in which brief 
directions to the students alternate with their experiments and their reports 
of experiments made and conclusions drawn, afford a singularly effective 
training in the habit of attending accurately to the meaning of words used 
by others, and of selecting words capable of conveying without ambiguity 
the precise meaning intended. Any inaccuracy in the student’s apprehension 
of the directions given, or in the selection of words to describe his obser- 
vations and conclusions, is at once detected, when the result to which he 
ought to have arrived is known beforehand to the teacher. 

Accuracy of reasoning is no less effectively promoted by the work of ex- 
perimental chemistry. It is no small facility to us that the meaning of the 
words which we use to denote properties of matter and operations can be 
learnt by actual observation. Moreover each proposition comprised in che- 
mical reasonings conveys some distinct statement susceptible of verification 
by similar means ; and the validity of each conclusion can be tested, not only 
by examining whether or not it follows of necessity from true premisses, 
but also by subjecting it to the independent test of special experiment. 

Chemists have frequent occasion to employ arguments which indicate a 
probability of some truth ; and the anticipations based upon them serve as 
guides to experimental inquiry by suggesting crucial tests. But they distin- 
guish most carefully such hypotheses from demonstrated facts. 

Thus a pale green solution, stated to contain a pure metallic salt, is found 
to possess some properties which belong to Salts of Iron. Nothing else x^os- 
sesses these properties except Salts of Nickel ; and they manifest a slight dif- 
ference from Iron Salts in one of the properties observed. 

The analyst could not see any appearance of that peculiarity which distin- 
guishes Nickel Salts ; so he concludes that he has probably got Iron in his 
solution, but almost certainly either Iron or Nickel. He then makes an ex- 
periment which will, he knows, give an entirely different result with Iron 
Salts and Nickel Salts ; and he gets very distinctly the result which indicates 
Iron, 

Having found in the green liquid properties which the presence of Iron 
could alone impart, he considers it highly probable that Iron is present. But 
he does not stop there ; for, although the facts before him seem to admit of no 
other interpretation, he knows that, from insufficient knowledge or attention, 
mistakes are sometimes made in very simple matters. The analyst therefore 
tries as many other experiments as are known to distinguish Iron Salts from 
all others ; and if any one of these leads distinctly to a result at variance 
with his provisional conclusion, he goes over the whole inquiry again, in 
order to find where his mistake was. Such inquiries are practised largely by 
students of chemistry, in order to fix in their minds, by frequenf use, a know- 
ledge of the fundamental properties of the common elements, in order to 
learn by practice the art of making experiments, and, above all, in order to 
acquire the habit of judging accurately of evidence in natural phenomena. 
1873. (jf 
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Sucli it Btudi^nt is often surprised at being told that it is not enough for him to 
conduct his experiments to such a point that every conclusion except one is 
contrary to the evidence before him— that he must then try every confirma- 
tory test which he can of the substance believed to be present, and ascertain 
that the sample in his hands agrees, as far as he can see, in all propertied 
with the known substance of which he believes it to be a specimen. 

Those who tread the path of original inquiry, and add to human know- 
ledge by their experiments, are bound to practise this habit with the most 
scrupulous fidelity and care, or many and grave would bo the mistakes they 
would make. 

Thus a Chemist thinks it probable that he might prepare some well-known 
organic body of the aromatic family by a new process. He sets to work and 
obtains a substance agreeing in appearance, in empirical composition, in 
molecular weight, and in many other properties with the compound which 
he had in view. He is, however, not satisfied that his product is a sample 
of that compound until he has examined carefully w hether it possesses all 
the properties which are known to belong to the substance in question. And 
many a time is his caution rew^arded by the discovery of some distinct dif- 
ference of melting-point, or of crystalline form, Ac., which proves that he 
has made a new compound isomeric with the one w^hich he expected to make. 
It seemed probable, from the agreement of the two substances in many 
particulars, that they might be found to agree in all, and might be considered 
to be the same compound ; but complete proof of that conclusion consists in 
showing that the new substance agrees with all that we know of the old one. 

In the most various ways chemists seek to extend their knowledge of the 
uniformity of nature ; and their reasonings by analogy from particulars to 
particulars suggest the working hypotheses which lead to new observations. 
Before, however, proceeding to test the truth of his hypothesis by experi- 
ment, the chemist passes in review, as well as he can, all the general know- 
ledge which has any bearing on it, in order to find agreement or disagree- 
ment between his hypothesis and the ideas established by past experience. 
Sometimes he sees that his hypothesis is at variance with some general law 
in which he has full confidence, and he throws it aside as disproved by that 
law. On other oecasioms he finds that it follows of necessity from some 
known law ; and he then proceeds to verify it by experiment, wdtb a confident 
anticipation of the result. In many cases the hypothesis does not present 
sufficiently distinct agreement or disagreement with the ideas established by 
previous investigations to justify either the rejection of it or a confident 
belief in its truth ; for it often happens that the results of. experience of 
similar phenomena are not embodied in a sufficiently definite or trustworthy 
statement to have any other effect than that of giving probability or the 
contrary to the hypothesis. 

Another habit of mind which is indispensable for success in experimental 
chemistry, and which is taught by the practice of its various operations, is 
that of truthfulness. 

The very object of all our endeavours is to get true ideas of the natural 
processes of chemical action ; for in proportion as our ideas are true do they 
give us the power of directing these processes. In fact our ideas are usefiU 
only so far as they are true ; and he must indeed he blind to interest and to 
duty who could wish to swerve from the path of truth. But if any one were 
weak enough to make the attempt, he would find his way barred by innu- 
merable obstacles. 

Every addition to oun science is a matter of immediate interest and im^ 
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porta^ce to those Who are working in the same direction. They verify in 
various ways the statements of the first discoverer, and seldom fail to notice 
further particulars, and to correct any little errors of detail into which he 
may have fallen. They soon make it a stepping-stone to further disco- 
veries. Any thing like wilful misrepresentation is inevitably detected and 
made known. 

It must not, however, be supposed that the investigator drifts uncon- 
sciously into the habit of truthfulness for want of temptation to be unr 
truthful, or even that error presents itself to his mind in a grotesque and 
repulsive garb, so as to enlist from the first his feelings against it ; for I 
can assure you that the precise contrary of these things happens. Error 
comes before him usually in the very garb of truth ; and his utmost skill 
and attention are needed to decide whether or not it is entitled to retain that 
garb. 

You will easily see how this happens if you reflect that each working 
hypothesis employed by an investigator is an unproven proposition, which 
bears such resemblance to truth as to give rise to hopes that it may really be 
true. The investigator trusts it provisionally to the extent of trying one or 
more experiments, of which it claims to predict the specific result. Even 
though it guide him correctly for a while, he considers it still on trial until 
it has been tested by every process which ingenuity can suggest for the pur- 
pose of detecting a fault. 

Most errors which an experimentalist has to do with are really imperfect 
truths, which have done good service in their time by guiding the course of 
discovery. The great object of scientific work is to replace these imper- 
fect truths by more exact and comprehensive statements of the order of 
nature. 

Whoever has once got knowledge from nature herself by truthful reason- - 
ing and experiment, must be dull indeed if he does not feel that he has ac- 
quired a new and noble power, and if he does not long to exercise it further, 
and make new conquests from the realm of darkness by the aid of known 
truths. 

The habit of systematically searching for truth by the aid of known truths, 
and of testing the validity of each step by constant reference to nature, has 
now been practised for a sufficiently long time to enable us to judge of some 
of its results. 

Every true idea of the order of nature is an instrument of thought. It 
can only be obtained by truthful investigation ; and it can only be used effec- 
tively in obedience to the same laws. But the first idea which is formed of 
any thing occurring in nature afibrds only a partial representation of the 
actual reality, by recording what is seen of it from a particular point of view. 
By examining a thing from different points of view we get different ideas of 
it ; and when we compare these ideas accurately with one another, recollect- 
ing how each one was obtained, we find that they really supplement each 
other. 

We try to form in our minds a distinct image of a thing capable of pro- 
ducing these various appearances ; and when we have succeeded in doing so, 
we look at it from the different points of view from which the natural ol^ect 
had been examined, and find that the ideas so obtained meet at the central 
image. It usually happens that an accurate examination of the mutual 
bearings of these ideas on the central image suggests additions to them, and 
correction of some particulars in them. 

Thus it is that true ideas of a natural phenomenon confirm and strengthoQ. 

r/ 2 
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one another ; and he who aids directly the development of one o them is sure 
to promote indirectly the consolidation of others. 

Each onward step in the search for truth has made us stronger for the 
work ; and when we look back upon what has been done by the efforts of so 
many workers simply but steadily directed by truth towards further truth, 
we see that they have achieved, for the benefit of the human race, the con- 
quest of a systematic body of truths which encourages men to similar efforts 
while affording them the most effectual aid and guidance. 

This lesson of the inherent vitality of truth, which is taught us so clearly 
by the history of our science, is well worthy of the consideration of those who, 
seeing that iniquity and falsehood so frequently triumph for a while in the 
struggle for existence, are inclined to take a desponding view of human affairs, 
and almost to despair of the ultimate predominance of truth and goodness. 
I believe it would be impossible at the present time to form an adequate 
idea of the vast consequences which will follow from the national adop- 
tion of systematic measures for allowing our knowledge of truth to develope 
itself freely, through the labours of those who are willing and able to devote 
themselves to its service, so as to strengthen more and more the belief and 
trust of mankind in its guidance, in small matters as well as in the highest 
and most important considerations. 

T am desirous of describing briefly the more important of those measures ; 
but first let me mention another habit of mind which naturally foUo^rs from 
the effective pursuit of truth, — a habit which might be described in general 
terms as the application to other matters of the truthfulness imparted by 
science. 

The words which the great German poet put into the mouth of Mephisto- 
pheles when describing himself to Paust, afford perhaps the most concise and 
forcible statement of what we may call the anti-scientific spirit : — 

„ Ich bin der Geist der stets rerneiiit, 

Dem alles, was entstelit, zuwider ist.” 

The true spirit of science is certainly affirmative, not negative ; for, as I men- 
tioned just now, its history teaches us that the development of our knowledge 
usually takes place through two or more simultaneous ideas of the same phe- 
nomenon, quite different from one another, both of which ultimately prove to 
be parts of some more general truth ; so that a confident belief in one of those 
ideas does not involve or justify a denial of the others. 

I could ^ve you many remarkable illustrations of this law from among 
ideas familiar to Chemists. But I want you to consider with me its bearing 
on the^ habit of mind called toleration, of which the development in modern 
times is perhaps one of the most hopeful indications of moral improvement 
in man. 

In working at our science we simply try to find out what is true ; for 
although no usefulness is to be found at first in most of our results, we know 
well that every extension of our knowledge of truth is sure to prove useful in 
manifold ways. So regular an attendant is usefulness upon truth in our 
work, that we get accustomed to expect them always to go together, and to 
believe that there must be some amount of truth wherever there is manifest 
usefulness. 

The history of human ideas, so far as it is written in the records of the 
progress of science, abounds with instances of men contributing powerfully to 
the development of important general ideas, by their accurate and conscien- 
tious oxi)erimonts, while aj; the same time professing an actual disbelief in 
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those ideas. Those records must indeed have been a dead letter to any one 
who could stand carping at the intellectual crotchets of a good and honest 
worker, instead of giving him all brotherly help in furtherance of his work. 

To one who knows the particulars of our science thoroughly, and who knows 
also what a variety of ideas have been resorted to in working out the whole 
body of truths of which the science is composed, there are few more impressive 
and elevating subjects of contemplation than the unity in the clear and bold 
outline of that noble structure. 

I hope that you will not suppose, from my references to Chemistry as pro- 
moting the development of these habits and powers of mind, that I wish to 
claim for that particular branch of science any exclusive merit of the kind ; 
for I can assure you that nothing can be further from my intention. 

I conceived that you would wish me to speak of that department of science 
which I have had occasion to study more particularly ; but much that I have 
said of it might be said with equal truth of other studies, while some of its 
merits may be claimed in a higher degree by other branches of science. On 
the other hand, those highest lessons which I have illustrated by chemistry 
arc best learnt by those whoso intellectual horizon includes other provinces of 
knowledge. 

Chemistry presents peculiar advantages for educational purposes in the 
combination of breadth and accuracy in the training which it affords ; and I 
am inclined to think that in this respect it is at present unequalled. There is 
reason to believe that it will pluy an important part in general education, and 
render valuable services to it in conjunction with other scientific and with 
literary studies. 

T trust that the facts which I have submitted to your consideration m^^y 
suffice to show you how fallacious is that materialistic ideaQfiKhysio, 4 b^iqnco 
which represents it as leading away from the of] nObb^SsttfepiUU^ 
and from a sympathy with his most 'eleMtied.‘»BpirajtiO^%!toiy»vd#vmw,inw;UT 
mate matter. The tnhterial w6rfc::of sciimec iis directed by ide^s 
*attaTniaent of furthoTfidedsj liEach'StepriiinsckiSbOe'ief an^^ddition !0iuy4doi% 
or hln iirfaprovoment of itihetm. A^tcienxseds^bulna^ bodyjhf 
erdefi'ofmaturei- ^ ' .!-• -'i hi’-'w b'nr/.no i roecyo p/nl 

hff Each ddeav which) ftmas fpart^of :Ehyi®cttl?Scief oeihi^ar/beeD fdeffiy^doftpW qbf 
® atukej land has ^boen itestedj d^nraffld^hgaift' in. 

^vay« ‘ )hy > arofereneo f -to r culture - ; > but 1 this,: fvexy i fewondness. 

•emoblesl^isi to rdisj®- mponj the\Mrook aif 

than could be erected onraiky:othor;fbuiidla^onffiy^.tb^(8ididfj(iupoo^teif^f^l3p{^ 
4«®ig}e.'^'hbufro7'.’'l yfinor odi of llcal.-i rnoi^.Y.^ f' jndf ;'*V 

*1 r> Tbhn4trudy/iofl scicnjohl is the sttudy fof ifhans s. .ladouKaift 

lb<ffnijll)rlhfeouEBqnarid: hh whocTbofuidnkiw^ tiw5fpc«vcar8j)Df 

fBufet‘]gO’da)Bfai/enee.i0Drtii8'ihate4dalsjoi[.} j{)t bnf. i-ulhiil lo /jLiii I'loqqo I'.y/flji 

ii nilijlbethtliieir ipflKweraml the iniAtl,) thc'^Tipagmafiondisrl p^^fweifnUyv^x^i^^l^^ 

andii|fiih 0 ^ 8 aihe‘<tiino (Sisfciplmed,) hyfstieMilfiorKvoikgrdfiBvety’.tev^igg^i^'feM 

^tiqsadntlDccasibnito^oall fcaA iin> ln»imiBjd>ardi!!»tiBi6t iiJ^agdrt^ iii$ 

tthttifer wMb¥'oauld‘ -pre^uce^ the i &pptaraJra?dsrr^id¥? IWr 

ai^ropfisitidBrephodying sdE^ oiteohitdi^i^lateomt/^ftndfto 

or the proposition is required to ho true to the materials from whi^feo^E?^ 

foTm(BdairfThOTenmpelimps)TO 

curate and useful employment of the imagitsa^jOift 

ml l&n^a|;e^ e ofi syiotWls'^ ' ^fretnf \ ffonciretelfdftted’. 

;^p6net?Birprop6^ticubs> cEiUi^ ieqnatkiiis ;r*oorthd otj^^kband? 
hajGpsiQiJyu 
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imagmation with materials of surpassing grandeur and brilliancy, while at 
the same time affording the widest scope for its efforts. 

The foregoing considerations respecting the meaning and use of scientific 
work will, I trust, afford us aid in considering what measures ought to bo 
taken in order to promote its advancement, and what we can do to further 
the adoption of such measures. 

lake any other natural phenomenon, the growth of knowledge in the 
human mind is favoured and promoted by certain circumstances, impeded or 
arrested by others ; and it is for us to ascertain from experience what those 
circumstances respectively are, and how the favourable ones can bo best com- 
bined to the exclusion of the others. 

The best and noblest things in this world are the result of gradual growth, 
by the free action of natural forces ; and the ])roper function of legislation is 
to systematize the conditions most favourable to the free action which is 
desi^. 

I shall consider the words ‘‘ Advancement of Science ’’ as referring to the 
development and extension of our systematic knowledge of natural phenomena 
by investigation and research. 

The first thing wanted for the work of advancing science is a supply of 
well-qualified workers. The second thing is to place and keep them under 
the conditions most favourable to their efficient activity. The most suitable 
men must be found while still young, and trained to the W’ork. Now I know 
only one really effectual way of finding the youths who aro best endowed by 
nature for the purpose ; and that is to systematize and dovelope the natural 
conditions which accidentally concur in particular cases, and enable youths to 
rise from the crowd. 

• The fijpst of these is that a young man gets a desire for knowledge by seeing 
41 m ^aloe and beauty of some which ho has acquired. When he has got this 
desire, he exerts himself to increase his store ; and every difficulty surmounted 
increases Ms love of the pnreuit, and strength's his determination to go on. 
Mm exertiohs are seen by some more experkiiced ilnin, who helps him to 
|dac«'hims^ trader cimnnstanoes favooxable to further progress. He then 
has opportunities of seeing original inquiries conducted, perhaps even of aid-» 
nig in thein * ; and he^ longd to prove that hOi aiso can woik out new truths, and 
M^e soiner periaanent {Edition to human knowledge. If his eireumstancos 
sbaMC' Mm* to paroseentb sneh work, atid he succeed in making somo now ob- 
iervatihns'Wdiiby of publication^ he is at onoe:ki%eTm by them to the oom^ 
nHvnity of soictiMd meiivf and empfoyed among them. 

We want, then, a system which shall give to the young favourable oppor**- 
tiiritteirdfaqqlairingaeh^ as for as it goes, a thorough knowlodgS of 
hatim tkey eamauderstaiid and enjoy-t-^whioh shall 

afford opportunity of further and further instruction to those who hare best 
prnfited'^by 'thdt which dias been giten to. them, and are aui^ioiis to tiblain 
s yk ou ri wMch Aafl eokble the beUt students to sen what on^naL investigation 
ki aiid^> if positfbie^ fo darrying? oat borne resiwmhr*^iid,t fienlly; 

Whkh^sball supply to eadk student who hao the powCf and thh will to 
INWitec^dteseKrcffiesj oU material coiiditioiio which, are. requinitis i|ho 

But IdvretfgatorB, once fonnd^ ought tp be placed, in the; oiroamStknecs most 
fopdurebfo to'tbeix'eftment 1 ^^ ^ - 

^ K^o^irst and most foradamental oonditioiEi for this(is^ tbat thehr dOshrO^ for 
knowledge' bd kept idivt apd fobWed. ThfiyifitMit not 
Ikejil hthre^umd toivibarfeiieM 
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science ; they ought to strengthen and extend that hold, by acquiring a more 
complete and accurate knowledge of its doctrines and methods ; in a word, 
they ought to be more thorough students than during their state of preli- 
minary training. 

They must bo able to live by their work, without diverting any of their 
energies to other pursuits ; and they must feel security against want, in the 
event of illness or in their old age. 

They must bo supplied with intelligent and trained assistants to aid in 
the conduct of their researches, and whatever buildings, apparatus, and ma- 
terials may be rccpiirod for conducting those researches effectively. 

The desired system must therefore provide arrangements favourable to the 
maintenance and dovolopincni of the true student-spirit in investigators, 
M'liih; providing them with permanent means of subsistence, sufficient to 
enable them to feel secure and trancpiil in working at science alone, yet not 
sufficient to neutralize their motives for exertion ; and at the same time it 
must give them all external aids, in proportion to their wants and powers of 
making good use of them. 

Now 1 propose to describe the outline of such a system, framed for the 
solo purpose of promoting research, and then to consider what other results 
would follow from its working. 

If it should ajipear possible to establish a system for the efficient advance- 
ment of science, which would be productive of diri'ct good to the community 
in other important ways, I think you will agree with me lliat wc ought to do 
all that wc can to promote its adoption. 

Let the most intelligent and studious children from every primary school 
he sent, free of expense, to the most accessible secondary school for one year ; 
let the best of these be selected and allowed to continue for a second year^ 
and so on, until the vlhc of them have learnt all that is to be there learnt to 
advantage. Let tlie best pupils from the secondary schools be sent to a col-- 
lege of their own seb'ction, and tlierc subjected to a similar process of annual 
weeding ; and, finally, let those who get satisfactorily to the end of a college 
cunheulum be supplied with an allowance sufficient for their maintenance 
a 3 Tar, on condition of their devoting their nndinded energies to research^ 
under the inspection of competent college authorities, while allowed such aids 
and facilities ns the college can supph% with the addition of money-grants! fou 
sj)c( ial purposes. Let all who do well during this fii’styear be allowed similaiJ 
advantages for a second, and even a third year. A 

Each young investigator thus trained must exert himself to obtain aOBiq 
appointment, which may enable him to do the most useful and creditable w'Oirk 
of which he is capable, while combining the conditions most favourable bid 
own improvement. ^ \ 

I^et there bo in every college as many Professorships and Assistantshipsiin 
each branch of science as are needed for the efficient conduct of the: wpek 
there going on, and let every Professor and Assistant have su^h;«a}ary aud 
such funds for apparatus &c. as may enable him to-doyble all his 
the duties of his post, under conditions ferwumhld thol wesd 

duties^ bttt let each Professor aIso« 

pupilB, BO that it may he ^tei'est 'th de ^ his ^^fork with 

iiwriaabl6 eiffi€aency,'amft' attract or, nr. 

*Iiet e^vory eollego find iichool'he gbvei^ed by »«ii inddpdiideafcfbeflf -<i0 
Witvtng* to ils oafeefuliiiesl ^5 rdpmtatidn^^ syiopithy^iwlt^i thd 

lahoterk of th^ hy hiah^ial aid to thmx fiii«<i4e<l;Mfttidt hy 

getting' ttie isdnyfrotn thfl4t^^o*imldr{a»yi<^|heti 

supply each vacancy avS it arises. 
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In addition to colleges, whicli are and always have been the chief institu- 
tions for the advancement of learning, establishments for the observation of 
special phenomena are frequently needed, and will doubtless bo found de- 
sirable in aid of a general system for the advancement of science. 

Kow, if a system fulfilling the conditions which 1 have thus briefly sketched 
out were once properly established on a siifhcient scale, it ought to develop 
and improve itself by the vciy process of its working ; and it behoves us, in 
judging of the system, to consider how such development and improvement 
would come about. 

The thing most needed at the present time for the advancement of science 
is a supply of teachers devoted to that object — men so eaniestly striving for 
more knowledge and better knowledge as to be model students, stimulating 
and encouraging those around them by their example as much as by their 
teaching. Young men do not prepare themselves in any numl>crs for such a 
career : — 

I. Because the chief influences which surround them at school and at 
college are not calculated to awaken in them a desire to o])tain excellence of 
such kind. 

II. Because they could not expect by means of such qualities to reach a 
position which would afford a comjx'tent subsistence. 

Let these conditions be reversed, to the extent that existing teachers have 
powerful inducements to make their students love the study of science for 
its own sake, with just confidence that they will be able to earn a livelihood 
if they succeed in qualifying themselves to advance science, and the whole 
thing is changed. The first batch of young investigators will be dispersed 
among schools and colleges according to their powers and acquirements, and 
will at once improve their influence upon the pupils, and enable them to 
send up a second batch better trained than the first. This improvement will 
goon increasing, if the natural forces which promote it are allowed free play ; 
and the youth of each successive generation will have better and more fre- 
quent opportunities of awakening to a love of learning, better help and 
guidance in their eflbrts to acquire and use the glorious inherit aucc of know- 
ledge which had been left them, better and more numerous living examples 
ef men devoting their whole lives to the extension of the domain of truth, 
and seeking their highest reward in the consciousness that their exertions 
have benefited their fellow men, and are appreciated by them. 

A young man who is duly qualified for the work of t(‘achiiig the inv(‘sti- 
gotion of some particular branc h of science, and who wishes to devote him- 
sbdfvto it, will become a member of an association of men selected for their 
knbwn devotion to learning, and for their ability to teach the methods of 
investigation in their respective subjects. Around this central group is 
ari«|iged a frequently changing body of youths, who trust to them for cn- 
i^ufagemcnt and guidance iu their respective studies. 

i iOur young investigator finds it necessary to study again more carefully 
«any parts of his subject, and to examine accurately the evidence of various 
ooB^usions which he had formerly adopted, in order that ho may bo able to 
l^lhe minds of his pupils by easy and natural yet secure steps 
mveiy of the general truths which are within their oy^i^Lis 

branch of science again and again frqijR ^Iw^, 

0aiii finie to present 

aiftaii^iig .th^ in thd oydo?. heat tpl 

rbflecfiR|Km th«kineiinl»g,j mi Ws 

itepEtyffatf) ideae wbioh w? Itq, he derived from, 
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couragcd in these efforts by the sympathy of his colleagues, and often aided 
by suggestions derived from their experience in teaching other branches of 
science, or by information respecting doctrines or methods which throw a 
light upon those of his own subject. 

No known conditions are so well calculated to give a young investigator 
the closest and strongest grasp of his subject of which he is capable as those 
in which ho is placed while thus earnestly teaching it in a college ; and in- 
asmuch as a thorough mastery of known truths is needed by every one who 
would work to advantage at the discovery of new truths of that kind, it will, 
in most cases, be an object of ambition to the ablest young investigators to 
get an opportunity of going through the work of teaching in a college, in 
order to improve themselves to the utmost for the work of original research. 
There is, however, another advantage to them in having such work to do ; 
for the best way to ascertain at any one time what additions may be made 
to a science, is to examine the facts which have been discovered last, and to 
consider how far they confirm and extend the established ideas of the science, 
how far they militate against those ideas. An investigating teacher is con- 
stantly weaving new facts into the body of his science, and forming antici- 
pations of new truths by considering the relation of these new facts to the 
old ones. 

When our investigator has thus got a thorough mastery of his science and 
new ideas for its extension, he ought to have the opportunity of turning his 
improved powers to account by devoting more of his time to original research ; 
in fact he ought to teach research by example more than hitherto, and less by 
elementary exercises upon known facts. If he has discharged the duties of 
his first post with manifest efficiency, he will be promoted, either in his own 
or some other college, to a chair affording more leisure and facility for 
original research by his own hands and by those of his assistants and pupils. 
Some investigators may find it desirable to give up after a while all teaching 
of previously published truths, and confine themselves to guiding the original 
researches of advanced pupils, while stimulating them by the example of 
their own discoveries. But most of them will probably prefer to do elemen- 
tary teaching work from time to time, for the sake of the opportunity of 
going over the groundwork of their science, with a knowledge of the new 
facts and enlarged ideas recently established. 

Now it must be observed that such a system as the above, once developed 
to its proper ])roportions, so as to send annually to secondary schools many 
thousands of poor children who would otherwise never enjoy such advantages, 
and 80 as to train to original investigation a corresponding proportion of 
them, would not only provide more young investigators than would be needed 
for systematic teaching functions, but would also give a partial training 'of ' the 
same kind to many whose abilities proved to be tHssufficien^ crnwrlwoee taMes 
were not congenial to such pui»uit--J Some wphjd bol steiiipted by ten adwt^ 
tagcoiis openii>g in ah isiduatiriid 'pnirsiht^ hr phblib eervaeei:o ’livcAk/^eff 

,theiretii^afbefbite;Qom^tionv/aiid dthera > would /hhdi e£tetTMX>iiipletiiig'4h§ir 
dofi^ing^ at 'ptmtiom of » that 'kind \ deajriAiler tCKp imchre ^ dttiii^aldentliair d 

purel ji eckntd&a .apj)(iilirineiit. / ! \ Niot enljtrwvidd tihiiehrr^od 
accomplished by this circumitonte; hatp/irofahhytaafr^witbdanfldeqc^Lfti^ 
dho i(^o]h>^ithu$ufi..adimntdge(f(mitpco^rsiiecidl<^^ of 

*f>octootiBg died bdtanhcnntiiit of eoip^ if i it^di<h not 

.^fthittth8;andliAcdhofdfi?rfisc^nibeif^’en4Tiheiidrc^ T'.hirn i topfo 

iTbere miwihr^t htcHdtaf^aoeuifhteebieaiidbhno^led^ 
tifi Ihehilfodtiliiog enidibereidouldt ileb ibp m gteiBfoh iiliiddk 
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suppose that such knowledge need not go beyond the elementary truths of 
science* In every branch of manufacture improvements are made from time 
to time, by the introduction of new or modified processes which had been 
discovered by means of investigations as arduous as those conducted for 
purely science purposes, and involving as great powers and accomplish- 
ments on the part of those who conducted them. 

Any manufacturer of the present day who docs not make efficient arrange- 
ments for gradually perfecting and improving his processes ought to make 
at once enough money to retire ; for so many are moving onwards in this 
and other countries, that ho would soon be left behind. 

It would be well worth while to establish such a system of scientific educa- 
tion for the sake of training men to the habits of mind which are required 
for the improvement of the manufacturing arts ; and 1 have no doubt that 
the expense of working the system would be repaid a hundred times over by 
the increase of wealth of the community ; but 1 only mentiou this as a 
secondary advantage of national education. 

A system of the kind could not expand to duo dimensions, nor could it, 
once fully established, maintain itself in full activity, without intelligent 
sympathy from tlie community ; and accordingly its more activc-niiiidc'd 
members must he taught some good examples of the processes and results of 
scientific inqiiiiy, before they can be expected to take much interest in tlie 
results achieved by inquirers, and to do their share of the work rcciuisite for the 
success of the system. I need hardly remind you that there arc plenty of oIIht 
strong reasons why some such knowledge of the truths of nature, and of the 
means by which they are found out, should be diifu.scd as widely as possible 
throughout the community. 

You perceive that in such educational systt ni each teacher must trust to 
his own exertions for success and advancement ; and he will do so if he is 
sure that his rc-sults will be known and com[)ared imj)artially with those 
attained by others. Each governing body must duly maintain the efficiency 
of their school or college, if its support depend in some degree on the evi- 
dences of that efficiency ; and they tvuII try to improve their school if they 
know that every improvement will bo seen and duly appreciated. 

The keystone of the whole structure is the action of the Htate in distri- 
buting funds carefully among schools and colleges proportionally to the evi- 
dence of their doing good work, which could not be continued without 
such aid. 

I am inclined to think that the State ought, as far as possible, to confine 
its educational grants to the purpose of maintaining and continuing good 
work which is actually being done, and rarely if over to initiate educational 
because it is desirable to encourage private exertions 
/mr •.ther e^blkhmen^ of schools and colleges upon new 
iA Hewjlocalitiefeifbyy^gpwing thS ipubJic full assurance that if any 
1MW(iti»sititdttiii|^^ itsfjright rto reo^istenoei by doing good work for a 

sffiowbA 4a/ for. want of supiwrt } andyooeondly, 
jieeaitie><timrt|ttdici«l dmpai^affi Iieqitiired in the admimsttatlon. of pfiiMio 
istnttko ia£«W0r]|fl ' u hardly oompatib|q wilii an advbcaoy 

.ialriinfopatiieRikn^aioai^ ofnt^isifig^sfich vestil^ / i i i ro 

^IlliMaran foa purpose; cdmmonlf* foil tal ral^Bih their 

object under the faltered; dtreumstanbes whish sprilig up lu lttiir igedecatioih, 
liaSiafflAUiAeqiaBi^ df thoriniititutiaus tw srtiicli 

fob ’objoeiet q whti^ 

proper function to promote. 
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When there is felt to be a real want of any new institution for the promo- 
tion of learning, men are usually willing enough to devote time and money 
to the purpose of establishing it and giving it a fair trial. It is desirable 
that they should leave the State to judge of their experiment by its results, 
and to maintain it or not, according to the evidences of its usefulness. No 
institution ought, for its own sake, to have such permanent endowments as 
might deprive its members of motives for exertion. 

The Btato could not, however, discharge these judicial functions without 
accurate and trustworthy evidence of the educational work done at the various 
schools and of its success. For this purpose a record must be kept by or 
under the direction of every teacher of the weekly progress of each pupil, 
showing what he has done and how he has done it. Official inspectors would 
have to see to these records being kept upon a uniform scale, so that their 
results might ho comparable. The habit of keeping such records conduces 
powerfully to the efficiency of teachers ; and, for the sake of the due develop- 
ment of the teaching system, it ought to prevail generally. Having such full 
and accurate means of knowing what opportunities of improvement pupils 
have enjoyed and what use they have made of those opi>ortunitie8, Govern- 
ment ought to stimulate their exertions and test their progress by periodical 
examinations. It is of the utmost importance to allow any new and improved 
sy8t(*m of instruction to dcvelope itself freely, by the exertions of those who 
are willing to undertake the labour and risk of trying it on a practical scale ; 
and the pupils who acquire upon such new system a command of any branch 
of science, ought to have a fair oj)portunity of sliowing what they have 
achieved and how they have achieved it. An able and impartial examiner, 
knowing the new systems in use. will encourage each candidate to work out 
his results in the inaniitT in which he has been taught to work out results 
of the kind. 

Examinations thus impartially conducted witli a view of testing the suc- 
cess of teachers in the work wffiich they arc endeavouring to do, have a far 
higher value, and consequent authority, than those which are conducted in 
ignorance or disregard of the process of training to which the candidates have 
l)eon subjected ; and wo may safely say that the examination system will not 
ottaan its full usefulness until it is thus worked in intimate connexion with a 
system of teiaohing* 

* Id ©tder to give every one employed in the ctluoationnl system the utmost 
intdJest in maintaining and increasing Ids efficioncy, it essiijptiaJ, that a 
duo measure of pkiblicity bo given to Uio ehief results lof iheir: respectivQ 
Isbouiii. Bohodb aiid coUogeBoiight,toa considerable extent, to bo 
by the fets paid by pupils for the inattuetion feceivad ; and eypiy J*rQfe^o|r 
bang ki ]^rt dependent upon the iee» of his pupils will hayc interest 

in gathering move ipfapik to hie elasses or laboratories. The famo ctf impga:tanlt 
eHginal^ intebiigatiods bf his own or las pupils, published^ in the seientifio 
^tlinls,* 1 b )Oiie ofthb nariiFal means by which a disring^hed 
attvajerii disciples^ and the success of his pupals in after life is JSk 

pfospeets of pfoteotiod will depend iriainly on the opinion forn^,,of hifif 
powers itettn such matef ials as these by tho governing bodw^f anfl 

bf ^ho iraVlie; forif eaoh oolle^ is dep^aidentfor swHJess..upQpji, tjjs ^cionby 
W its taaebing' staff, its governing body tatjet do thein b!b8t:ip;hli snp,'eve)^ 
HeiMley as it arw^cb by the appointment - bf the abh?st gnd 
ftefifthwhbm ibe^5cidi g®^ and -dny. college which #ea 
ohinliig the sendees ioi abls ine» will seonilose 

i"' «'' ' 
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There arc, howcrer, further advantages to the working of the system to 
be derived from full publicitj- of all its more important proceedings. It will 
supply materials for tlie formation of a sound public opinion respecting the 
proceedings of the authorities in their various spheres of action. A claim for 
money might be made upon Ciovernment by the rulei's of some college upon 
inadequate grounds ; or a just and proper claim of the kind might be disre- 
garded by (iovernmenl. Neither of these things will be likely to happen 
very often if the applications, together with the evidence bearing on them, 
are open to public scrutiny and criticism ; and wlien they do occasionally 
happen t there will bo a natural remedy for them. 

If I have succeeded in making clear to you the leading principles of the 
plan to be adopted for the advancement of science, including, as it necessa- 
rily must do, national education generally, you will, I think, agree with me 
that, from the very magnitude and variety of the interests involved in its 
action, such system must of necessity be under the supreme control of 
Government. Science will never take its proper place among the eliief ele- 
ments of national greatness and advancement until it is acknowledged as such 
by that embodiment of the national will which we call tlie Governmfmt. Nor 
can the various institutions for its advancement dovelopc duly their useful- 
ness until the chaos in which they are now plunged gives place to such order 
as it is the proper function of (if)vonimcnt to cstahli’^h and maintain. 

But Government has already taken, and is eontinning to take, action in 
various matters affecting elenu ntaiy popular education and higher scientific 
education, and it would he difficult to arrest such action, even if it were 
thought desinihlo to do so. The only practical (piestion to he considcTed is 
how the action of (lovemment can be systematized so as to give free jday to 
the natural forces wliich liave to do the work. 

By establishing official c\. am in at ions for appointments and for degrees, 
Government cixerts a powerful influence on the teaching in schools and 
colleges, without taking cognizance, except in 'jomc few cases, of the systems of 
teaching which prevail in them. Again, they give grants of public money from 
time to time in aid of colleges or universities, or for the establishment of n 
high school under their own auspices. Sometimes they endow a rrofessor- 
ship. In taking each measure of the kind they are jdoubtLesa: ixifhiencod by 
evidence that it is in itself a good thing, calculated to promot^^ the adyauce- 
ment of learning. But a thing which goiodin itsolfmay pr(>duc!c evil effefets 

in relation to others, or good effects incommenfeurato with* its, rcost. Thua 
afford most valuable aid to cducata^)iial ytovk \Vboii ewwd oE 
iff boojtoctibn with earnest toaehers; yet when ewtabliibed in. tho^ab^enc^ ^of 
d gt>()d;%«dorti ’of ediicfttionv they are liable to^ givfc liac to a( (H^Le-rsided t^aiiH 
iflg cbtitriyed iVith a' s}iecial view of getting yeitiog mon!4hrovtghrt)|o,i^xginH 
’ ' if’ piropoirly educated young nien wdro fehupd Tot a; piwteuuJpr 

public soryico^ and an examinotidil tf ail Ibr 

were to be establialied for the ]hiirpOBe:ofitml>roviiigdfh^Byf^ 
(SftndidhteB wotdd eonsidor t hoi r power of answ^ig^ a||chfq\io8r 
as appeared likely to bo Bet as the conditSoil of tlveb iobhifiij^g 
they would look obt ftr iudn «hle and willing., 
fd^^thgt’^aHlctitat WorkiT! as dhrot iigd effco^^ itmnEdr.a:|J , 'Thfl 
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youths out of office, and whose vigilance ought to be evaded by 
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as experience might show to be most effective for the purpose. Once this 
kind of direct examination-teaching has taken root, and is known to produce 
the desired effect of getting young men through the examinations, its exist- 
ence encourages the tendency on the part of the candidates to look merely to 
the examination as the end and aim of their study ; and a class of teachers 
is developed wliose exertions are essentially antagonistic to those of the 
examiners. 

There are, no doubt, teachers with a sufficiently clear apprehension of their 
duty, and sufficient authority, to convince some of the candidates that the 
proper object of their study should be to increase their power of usefulness 
in the career for which they are preparing themselves, by thoroughly master- 
ing up to a prescribed point certain branches of knowledge ; and that until 
thej' had honestly taken the means to do this and believed they had done it 
effectually, they ought not to go up for examination nor to wish to commence 
their career. 

Jhit it is desirable that all teachers be placed under such circumstances 
that it may become their interest as well as their duty to cooperate to the 
utmost of their powers in the object for which the examiners are working. 
For this purpose their records of the work done under their guidance by each 
pupil ought to be carefully inspected by the examiners before framing their 
questions, and ought to be accepted as affording the chief evidence of the 
respective merits of the pupils. 

This is not the place for considering how the general funds for an 
effective system of national education can best be raised, nor how existing 
edii(*ational endowments can best be used in aid of those funds. It is well 
known that some colleges of Oxford and Cambridge are possessed of rich 
endowments, and that many distinguished members of those universities are 
desirous that the annual proceeds of those endowments should be distributed 
upon some system better calculated to promote the advancement of learning 
than that which generally prevails. Indeed we may confidently hope that, 
true to their glorious traditions, those colleges will be led, by the high- 
minded and enlightened ouunsels of their members, to rely upon improving 
usefulness in the advancement of learning as the only secure and worthy 
basis of tlu‘ir action in the use of their funds, so that they may take a 
leading part in such system of national education as may be moulded out 
of the present chaos. 

Ihit the foundations of a national system of education oiiglit to be laid 
independently of the present arrangements at Oxford and Cambridge, 
for we may be sure that the more ])rogress the system makes the more 
easy will become the necessary reforms in the older universities and 
colleges. 

It is clearly undesirable that Government should longer delay obtaining 
such full and accurate knowh'dge of the existing national resources for 
educational purposes, and of the manner in wliich they are respectively 
utilized, as may enable them to judge of the comparative prospects of use- 
fulness presented by the various modes of distributing educational grants. 
They ought to know what has been done and what is doing in the various 
public educational establishments before they can judge which of them would 
be likely to make the best use of a grant of public money. 

\Ye have official authority for expecting such impartial administration of 
educational grants; and it cannot be doubted that before long due means 
will be taken to supply the preliminary conditions. 

You are no doubt aware that a Koyal Commission was appointed some 
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time ago in consequence of representations made to Goremment by the 
British Association on this subject, and it is understood tliat their instruc- 
tions are so framed as to direct their particular attention to the manner in 
which Government may best distribute educational grants. The Commission 
is moreover composed of most distinguished men, and wo have every reason 
to anticipate from their laboui's n result worthy of the nation and of tho 
momentous occasion. 

In si)eaking of public educational establishments, I refer to those which 
by their constitution are devoted to the advancement of learning without 
pecuniary profit to their respective governing bodies. The annual expen- 
diture requisite for keeping up a national system of popular education will 
necessarily be considerable from the first, and will become greater from year 
to year ; but once Englishmen are fully alive to the paramount importance 
of the object, and sec that its attainment is within their roach, we may bo 
sure that its expense will be no impediment. England would not dewrvo 
to reap the glorious fruits of the harvest of knowledge if she gmdgtHl the 
necessary outlay for seed and tillage, wen^ it even ten times greater than it 
will be. It is no use attempting to establisli a national systtiin on any other 
than a truly national basis. Frivato and corporate funds inevitably get 
diverted from popular use, after a few generations, to the use of the influ- 
ential and rich. A national system must steadily keep in view the improve- 
ment of the poor, and distribute jmblic funds each year in the manner best 
calculated to give to the youths of the i>oorest classes full opportunities of 
improvement projjortional to their capacities, so that they may quality them- 
selves for the utmost useful ess to their country of which they are capable* 
The best possible security for the proper administration of the system will 
be found in the full and speedy publicity of all tho particulars of its 
working. 

It has been frequently remarked that a great proportion of English in^ 
vestigators are men of independent means, who not only seek no advance- 
ment as a reward of their labours, but often stwirifice those opportunities of 
improving their worldly position which their abilities and influence open up 
to them, for the sake of quietly advancing human knowledge. Rich and 
powerful men have verj’ great temptations to turn away from science, so 
that those who devote their time and money to its sendee prove to us how 
true and pure a love of science exists in this count ly, and how Englishmen 
will cultivate it when it is in their power to do so. 

Now and then a youth from the |>oorer classes is enabled by fortunate 
accidents and the aid of a friendly hand to climb to a position of scientific 
activity, and to give us, as Faraday did, a sample of the intellectual powers 
which lie fallow in the great mass of the people. 

Now, the practical conclusion to which I want to lead you is, that it rests 
with you, who represent the national desire for the advancement of science, 
to take the only measures which can now be taken towards the establish- 
ment of a system of education worthy of this country and adapted to the 
requirements of science. In the present stage of the business the first thing 
to be done is to arouse public attention by all practicable means to the im- 
portance of the want, and to get people gradudly to agree to some definite 
and practicable plan of action. You will, I think, find that the best way 
to promote such agreement is to make people consider the natural forces 
which have to be systematized by legislation, with a view of enabling them 
to work freely for the desired purpose. When the conditions essential to 
any national system come to he duly appreciated by those interested in the 
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cause of education, means will soon be found to cany out the necessary 
legislative enactments. 

The highest offices in the State arc on our present system filled by men 
w^ho, whatever their political opinions and party ties, almost infallibly agree 
in their disinterested desire to signalize their respective terms of office by 
doing any good in their power. Convince them that a measure desired by 
the leaders of public opinion is in itself good and useful, and you are sure to 
carry it. 

And, on tlie other hand, England is not wanting in men both able and 
willing to come forward as the champions of any great cause, and to devote 
their best powers to its service. 

I may well say this at Bradford after the results achieved by your Member 
in the Elementary Education Act. 

Objections wdll of course be raised to any system on the score of difficulty 
and expense, more especially lo a comi)lete and good system. Difficult of 
realization it ceidainly must be, for it Avill need the devoted and indefatigable 
exertions of many an able and higli-miridod man for many a long year. 
Only show how suc h exertions can be made to produce great and abiding 
results, and they will not be 'wanting. And as for expense, you will surely 
agree with me that the more money is distributed in such frugal and effective 
manner, the bett(*r for the real greatness of our country. 

AVhat nobler privilege is attached to the possession of money than that of 
doing good to our fellow men ? and ho would grudge giving freely from 
his surj)his, or even depriving himself of some comforts, for the sake of pre- 
paring the rising generation for a life of the utmost usefulness and consequent 
liappiness ? 

I confidently trust that the time 'v\ ill come when the chief item in the^ 
annual budged of the C'haiieellor of tlie Exchequer will be the vote for 
National Education. And when in some later age our nation shall have 
passed aw’ay, 'when a more true civilization has grown up and has formed 
new centres for its throbbing life, when there arc but broken ai'ches to tell 
of our hndges and crumbling ruins to mark the sites of our great cathedrals 
— then w’ill the greatest and noblest of England's w^orks stand more perfect 
and more beautiful than ever ; then w ill some man sun ey the results of Old 
England’s labours in the discovery of imperishable truths and laws of 
nature, and sec that her energy and wealth were accompanied by some 
nobler attributes — that w Idle Englishmen were strong and ambitious enough 
to grasp power, they were true enough to use it for its only worthy purpose, 
that of doing good to others. 

I must not, however, trespass longer upon your time and your kind ah- 
tontion. My subject W'ould carry me on, yet I must stop without having 
half done justice to it. 

If I have succeeded in convincing you that a National system of Educa- 
tion is now necessary and possible, and in persuading you to do what you 
respectively can to prepare the way for it, I shall feel that the first step is 
made towards that great result. 
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Report of the Conunittee, coimsting of Professor Cayley, F.R.S., 
Professor Stokes, F.R.S., Professor Sir W. Thomson, F.R.S., 
Professor 11. J. S. Smith, F.R.S., and J. W. L. Glaisher, B»A,, 
F.R,A,S, (Reporter), on Mathematical Tables. 

§ 1. (reneral Siatement of the Ohjeds of the Coinmlftee. 

The purposes for which the Committee was fippointod were twofold, viz. 
(l)to form as complete a catalogue as possible of existing mathematical 
tables, and (2) to re{)rint or calculate tables which were nccessaiy for the 
progress of the mathematical sciences. 

These two objects, although so far connected, that it was absolutely 
essential before any tables were calculated or reprinted to be certain that 
such tables were not already in existence or easily accessible, were in other 
respects quite different ; and the Committee have therefore decided to keep 
them distinct. The reasons in favour of the adoption of this course are ob- 
viously very strong, as a new table would be out of place in a Report which 
in other respects was merely a detailed catalogue. A further argument 
against the publication of the tables in the Reports of the Association, is 
the great objection to needlessly scattering tables. Tables of a kindred 
nature collected together, are of far more value than the same could be if 
dispersed in several volumes of a periodical ; and if the tables of the Com- 
mittee were published annually as calculated, it would happen not only that 
they would have to be sought in several volumes, and their utility in conse- 
quence considerably impaired, but sometimes even portions of the same table 
would be separated. The Committee have therefore considered that they 
'would best carry out the second object for which they 'were appointed, by 
publishing their tables separately and independently of the Annual Reports 
of the Association. 

The form chosen for this publication is a quarto of the same size as that 
of the Philosophical Transactions, this size being necessary for the uniformity 
of the tables, as a large page is required in order to contain the values of the 
function tabulated, together with its first, second, and third diiferences, which, 
when given, should range with the fonner on the same page. Before the 
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appointment of the Committee, certain tables of hyperbolic antilop^arithnis or 
exponentials (viz. c** and and of hyperbolic sines and cosines had been 
commenced by Mr. J. W. L. Glaisher; and these the Committee determined 
to print and stereotype on their completion. They are now in the ]>ress. 
A mass of calculations has boon made for the tahulation of BesscFs functions, 
for real and imaginary values ; and it is intended to complete these tables, and 
then to nndertake calculations connected with the Elliptic Functions. 

As yet no tables have been reprinted by the Committee ; and it cle.'irly 
would not be possible to decide which most rc({nired reproduction, until tlie 
Report was considerably advanced hej'ond its present stage. 

All the tables printed by the Committee, whether calculated or reprint<‘d, 
are to bo stereotyped ; and it is intembal that tliey shall nltimately form a 
volnine ; but the tables relating to each function will bo ]niblishcd and circu- 
lated separately as calculated, the stereotype-plates remaining in the poss(‘s- 
sion of tlic Committ('e for future use. 

The first object of tlie Committee was rendered necessary by the fact that 
the matliomatical tables that Imve been formed, arc scattered all over the 
world in the various matliomatical and sclent itie journals, transactions of 
societies, &c., so that it is extremely difficult to ascertain wlial tables liave 
been already calculated in any particular branch of science. Another reason is 
that tables formed for some particular purpose, and published under a title of 
special application, arc often of equal imporiaiice in other investigations ; so 
that great inconvenience is sometimes felt for the want of a table which 
already exists under another name and having reference to a different subject ; 
or it may even he recalculated. The difficulty of knowing exactly the work 
already done in any subject is one which is common to all parts of science ; 
but the inconvenience resulting from the nature of a work being obscured by 
its name is to a great extent peculiar to this subject, or at all events is more 
painfully felt in connexion with it. A familiar instance of a function occurring 

in several distinct subjects is the integral which is of importance 

in the determination of the probable error in the method of I/cast Squares, 
Astronomical Refractions, and the theor}’ of Heat; and good instances of 
the manner in which the nature of a table can he obscured by its name are 
afforded by nautical collections, where under such lieadings as “ Table to 
find the latitude by double altitudes of the sun and the elapsed tiine,’^ or 
“Table of logarithmic risings,’’ &c., are given log cosecants, log versed sines, 
&c. A catalogue, therefore, in which the tables were carefully described 
from their contents Boeraed very desirable ; and this the Committee hope to ho 
able to accomplish by their Reports. 

It is intended to include all numerical tables that can ho regarded ns 
belonging to mathematical science, or wdiich are of interest in connexion 
therewith ; but none will bo noticed in which the tabular results or data are 
derived from observation or experiment, or merely concern special suhjei ts 
that are not generally classed under the head of mathematics. Thus the 
great majority of astronomical tables, including catalogues of stars, tables of 
refraction, tables depending on the figure of the earth, &c., will be ex- 
cluded, as the data for the formation of such tables arc derived from observa- 
tion. The same remark applies to all chemical tables, tables of specific gravity, 
of weights and measures, for the determination of the longitude at sea, mortalit y 
tables, <fec. Life-assurance and annuity tables, and all commercial tables 
will also be excluded. With regard to these last, how ever, although all tables 
nieb as ready reckoners and common interest tables will in general be omitted, 
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nny one that is <*£ value iu rclatioii to mathematics as a science will be in- 
cluded, although it may have been calculated for merely commercial purposes 
and published under a name that would apparently exclude it from this Eeport. 
^lany tables of compound interest arc valuable when viewed as tables of powers ; 
and many navigation tables calculated merely for the use of the sailor, and pub- 
lished under titles that would imply that they were of a merely technical cha- 
racter, are in reality trigonometrical tables under a disguised form. 

From the iibove remarks it will be found in most cases very easy to decide 
whether a table is included in the scope of this Report or not. A few of course 
eom(‘ on the boundary ; and tlien there is some little difficulty in drawing the 
line fairly. Of tliis kind are tables for the expression of hours and minutes as 
decimals of a day, &(?. ; most of these it has ))een thouglit better to include. 

It was necessary as a preliminary to form a classification of mathematical 
(riumerical) tables ; and the following classification was drawn up by Prof. 
C’ayley and adopted by the Committee. 

A. Auxiliary for non-logarilhmic computations. 

J. Multiplication. 

2. (liiarter-scjuaivs. 

»‘l. *S<piares, culx s, and hi; 4 her powers, and reciprocals. 

11. liOgaritbinio and circular. 

4. Logarithms (llriggiaii ) and antiiogarithms (do ) ; addition and sub- 

traction logarithms, Ac. 

5, Circular functions (sines, cosines, Ac.), natural, and lengllis of circular 

arcs. 

0. Circular functions (sines, cosincs, &c.), logarithmic. 

C. Exponential. 

7. Hyperbolic logarithms. 

S. Do. antilogarithms (c^) and h . Itan (d-^)^-f ji^), and hyperbolic sines, 
cosines, Ac., natural and logarithmic. 

D. Algebraic constants. 

t). Accurfitc integer or fractional values. Bernoulli's Nos., A'* 0^**, Ac. 
Binomial coefficients. 

](). Decimal values auxiliary to the calculation of series. 

Fi. 1 1 . Transcendental constants, tt, y, Ac., and tlieir powers and functions. 
F. Aritbmologieal. 

12. Di\ isors and prime numbers. Prime roots. The Canon arithmeticus Ac. 
18. The Pelliaii equation. 

14. Partitions. 

15. (Quadratic forms (t' + h-, Ac., and partition of numbers into squares, 

cubes, and biquadratos. 

Id. Binary, ternary, Ac. quadratic and liigher forms. 

1 7. (^omplcx theorie.s. 

0. Transcendental functions. 

18. Elliptic. 

D). (lamma. 

20. 8ine-integral, cosine-integral, and exponential-integral. 

21. Bessel's and allied functions. 

22. Planetary coefficients for given 

23. Logarithmic transcendental. 

24. Miscellaneous. 

b2 
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St^veral of these clasftos need some little explanation. Thus 1) 9 and 10 are 
int<}uded to include the same class of constants, the only difference being Unit 
in 9 accurate values are given, while in 10 they arc only approximate ; thus, 
for example, the accurate Bernoulli’s numbers as vulgar fractions, and tin* 
decimal values of the same to (say) ten places are placed in different classes, as 
the former arc of theoretical interest, while the latter are only of use in calcu- 
lation. It is not necessary to enter into fnrtlicr detail with respect to the 
classification, as in point of fact it is only %'erv partially followed in the Report ; 
the final index, liowcver, will be constructed as much in accordance with it as 
possible. 

The only perfect method by wliicli all the tables on the ahiive snhjocis could 
be found with any certainty, is to examine nil the volumes of the mathema- 
tical and philosophical journals and transactions, given in the list prefixed to 
the Royal Society's Catalogue of Scientific jiajiers — a most laborious work, as 
it requires every page in all tlu'so periodicals to be looked at. and any nu- 
merical tables noted and suKsequcntly examined, wliih* it included in the 
scope of the Committee's work they* must further he described. The mere 
turning over the pages of several thou>aud volumes is a work of some labour, 
and the completion of the R(']>ort must occupy tlie Committee for several 
years. The work is nho of such a nature that it would not be ])ossibh‘ to 
obtain even an approacli to completeness in any out* class till very considerable 
progress had been made witli the preliminary examination. 

This, however, is not the ease to any great extent with the gron[).s A and 
B, or with C 7 or the first jiart of T ll\ as tables in these classes are gt in*- 
rally to be found in sejiarate bo(»ks. and not in the memoirs of societies, or 
journals. It was j>ossiblo, therefore, to make jirogress in the uh(>\e classes 
immediately ; and the jujrtion of the Rejiort now ]uv>ented to th<‘ Association, 
practically contains a catalogue of tables which form se]>arate books. 'J'he 
three broad divisions into which mathematical tables divide themselves 
2 ^racticalhf are found to be : — 

I. Subsidiary tables, which are rather of value as a means of performing 
calculations than of interest in themselves: c. 7 . multiplication tahh^s, 
logarithms, SiC. They gmierally form separate hooks. 

II. Tables of continuous functions, generally definite integrals. 

III. Tables in the theory of numbers. 

Divisions II. and III, contain conchisii'c (in o}>po.^ition to suhsulian/) 
tables. 

A fuller de.scription of the contents Ac. of Division I. will be found in 
§ 2. It is hoped next year to rc]»ort on Division IT., and flic n(‘xt ye ar on 
Division III. It will be necessary afler^\ards to add siqiphunents to different 
edasses, and notably to the ])re 8 ent portion of tlie Report, whieli lias no claim 
at all to be regarded as coinjilete, but is piiblisb(*d on the distinct niub'rstand- 
ing tliat it is by no nu'ans exhaustive with regard to the subjects tn ated in 
it ; a supplementary Report on the same subject will be snbse(|nently added; 
and it is hoped that thus it will be rendered complete (see § 2 ). 

§ 2. General Introduction to the i) resent lleporty (uul Explanation of its 
Arrantjemeni and Use, 

Art. 1. The present Report is iiiUmded to include all r/eneral tables, viz. 
tables that are of general application in all brandies of matliematies, jiiid 
are therefore useful wliercvcr calculations have to be performed. The most 
simple instances arc mulUplication tables, common logarithms of numbers, 
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and t-rigonomotrical functions, which form the basis of, and are the means 
by which all other calculations are made, llegarded from this point of view, 
this division may bo said to contain auxiliary or subsidiary tables, viz. such 
as arc not per sc of any very great intrinsic interest (multiplication tables 
are a good instance), but which arc nevertheless of such paramount import- 
ance that, without their aid, the calculation of other tables would be too 
laborious to be pr.'icticable. As before remarked, one reason why these tables 
may well form a division by themselves is, that, being intended for calcula- 
tions of all kinds, they arc usually published separately, and have not to bo 
sought atiiong the transactions of societies and other periodicals. The num- 
ber of tabkvs in this class is of course many times greater than are all the 
other classes ])ut together ; but then, on the other hand, they admit of more 
l>rief description, as scarcely any explanation is needed of the functions 
tabiifated, or of the purposes for whicli the calculation or publication was 
undertakem. In the ])resent Iteport not above five or six tables printed in 
periodical j)ublications arc noticed; wliile it is probable that in the Keports 
on the oth(‘r classes tluTC will not be a much greater number that will have 
a]>peared as separate' and indejiendent books. 

Art.'l?. The object of the Ke])ort is to enable any one by means of it to 
find out with ease what tabl(\s have been computed on any of the twenty- 
five subjects (see § 3) to which it relates, and where they are to be foimd ; 
and the desir<‘ to form a catalogue that .shall give a systematic and practical 
account of the numerical tabh's in exist(*nce that bear upon each of the 
siihj(‘cts included has bcM'ii steadily ke])t in view ; in fact little else has been 
aimed at. Still, as in the search for and examination of so many books of 
tables (tlie lleport contains an account of more than i!30) a good many works 
of c(msiderahlc liistorical or bibliograjdiical interest came to light, it was not 
lliought desirable to suppress all notice of them. The majority of seven- 
tcciilh-ccntury works included are described, on account either of their ranty 
or hc'eause they serve to illustrate the history and progress of the subject. 
Of Ibis kind are 2s\vn:us ‘ Canon Mihficus ’ (1014), containing the first an- 
nouncement of logaritlims, Lfdolf's ‘Tetragonometria* (1690), ic.; and when 
sucli works have been included, their full titles have been given in § 5, with 
.suitable bibliographical accuracy. It would be a mistake, however, to suppose 
that all the tables of the seventeenth century have been superseded; Vlacq's 
^ Arithiuetica,’ 1 62S, is the most convenient ten-figure table of logarithms 
tliat exists (it has only been reprinted once, and not in so useful a form) ; and 
no natural canon jnihlished .subsequently can bear comparison with PiTiscrs, 
1 1) 1 Ik In ]K'rfi)rmiiig mathematical calculations, we have had repeated occa- 
sion to ns(' both Ylvco and Prriscrs. UnsiNrs's ‘ Xapicrian Canon’ (1624) 
is the largc'st in existence. The points in which the llcjmrt is least complete 
an' tho dc.«cri])tious of common tables of the eighteenth century, and of com- 
])aratively modern Italian, Si)auish, &e. tables of logarithms. The former 
class wo have purposely omitted, though ue have exiimined many, as they 
arc neither of value intrinsically nor historically ; a good many are briefly 
in/ticed by J)e Morgan ; and the latter wo have not been able to sec: several 
titles will be found in the llabhage Catalogue. 

Art. 3. The most valuable detailed list of tables hitherto published is the 
artido Taih.fs writU'ii by Do Morgan for Kniglit’s ‘English Cyclopaedia’ 
(1S61). This article first appeared iti the ‘ reiiny Cyclopaxlia’ (1842), but 
it was carefully revi.sed and largely augmented by its author before its re- 
printing in the ‘ English Cyelopa'dia.^ In this article arc contained notices 
of 457 tables, many of which, however, arc outside the scope of this lleporf. 
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Wo have had occasion to make great use of this article ; and whenever Do 
^[organ’s name is cited without reference to any work of hia, it is always to 
bo understood that it is this article which is referred to. Other w'orks which 
we have used, but which contain information almost wholly of a bibliogra- 
phical or historical nature, are ; — 

(1) ‘ Historia Mathesoos Uni versa) a inundo eondito ad scciilnm P. C. N. 
XYI. . . . accedit . . . historia Arithmetices ad nostra temporal autorc Jo. 
Christoph. Iloilbronuer. Lij)sia\ ... 1 742. 1 v(»l. 4to. The ‘ Liber quartus 
sistens Historiam Arithiuelices ' is at the end of the book, and occupies 
pp. 723-924. 

(2) ‘Geschichte der Matheniatik,' von Abraham Gotthelf Kastner. Got- 
tingen. (4 vols. bvo. 179()-1^0U.) It forms the seventh ‘ Ahtheilung ' of 
the ‘ Geschichte dor Kiinsto und Wissenscliaftcn ^ (57 vols.). The tables are 
contained in vol. iii. 

(3) ‘ Bibliotheca Matliematica/ auctore Fiid. Giiil. Aug. ]Miirhard. TJpsiir, 

1797-1804 (also (rennaii title. ‘ Litteralur (h'r mathematisclien Wissen- 
schafteii *). 4 vols. ^vo. ‘ ^Lulhematischc Tafeln ’ is the heading of the 

fourth division of vol. ii.. and occupies pp. 181-201 ; they an* divided into 
two classes, the lirst containing logarithmic and trigonometrical tables, and 
the second the rest; works that Murhard has had in his own hands are 
marked with an asterisk. 

(4) ‘Bibliotheca Malhematica sivo (riticus I/ibrorum [Matliematii'orum, 
.... commode disjjositus ab J. Kuggio.’ Seetio 1. ‘ Libro*^ Arithmeticos 
Geometricos coinplecteiis.' Tubingte, .... 1>30 (also with German title- 
page). This work wo have found very useful. A great nninlx'r of logarithmic 
and trigonometrical tables are cand'iilly describ’ d in Div. IV. ‘Ehonentar- 
Geometrie ' (B. ), pp. .‘9)7- 1 1 tt. It is right to add that tin* titles of tabl“s 
are to be found in all portions of the work, and an' by no ne'ans restricted 
to the arithmetical divisions. "We bcdicvc that no more than the ‘ Seetio 1.' 
Ava-s ever puhlislied. 

The following is a continuation of K‘)gg: — 

( 5 ) ‘ Bibliollicea Matlicinat iea. (.’atal()i4:uc of Books in every branch of 

Mathematics .... wliich bav<‘ ]>een ]niblish('d in (ierinanv and other coun- 
tries from the year Lsdo to the middle of Edited by L. A. Sohnke, 

. . . W’ith a complete index of eonteiits. J.eipzic and London, J ^^)4. 1 \(d. 

8vo. 

((>) ‘ Bibliographie A.stronomiqiie, avec Thistoire de rAstrononiie. . . . Ihjr 
Jerome De La Lande ... A Ikiris. . . . An XI. a= 1803. 1 vol. dlo. A s<‘pa- 
rate index to the general tabh's i.-. gi^(*n on pp. 900, OlU. 

(7) ‘ Litteratur dcr Matbematik, Natur- nnd Gewerbs-Kniide mit Inbegriff 

dor Kriegskunst,^ . . . von J. S. Erseli. ‘ None fortgesetzte Aiisgabed von E. 
W. 8chweigger-8eidel. ‘ Aus der neuciv Ausgabe des Ilandbuchs der Dents- 
cheii Litteratur besonders abgcdriickt.^ Leipzig, 1828. ] vol. 8vo. 

(8) ‘ Biographisch-literarisches Handworterbuch zurGescliiehte der oxactc'ii 

AVissenschaften . . . gcsammclt’ von J. G. J^oggondoff. Leipzig, 1803. 2 

vols. 8vo. 

(9) ‘ 11. P. Claudii Francisci Milliet Dechales Camberiensis e Societato 

Jesu Cursus seu Mnndiis Alathematicus.’ . . . imgduni, 1090. 4 vols. fob 

The first volume opens with a ‘ tract a tits Proeniialis de ])rogreBSii Alaihe- 
seos et illustribiis Mathematiels ; ’ and pp. 28-37 are devoted To arithmetical 
bibliograpliy. AVc may t^tate that a ])rcvious edition of 1074, iu 3 vols, fol., 
does not contain the ‘ De progressu.’ 
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Wc may also mention Do Morgan’s ^ Arithmetical Books from the invention 
of printing to the present day,’ London, 1847, 8vo, the introduction of which 
contains useful bibliographical information about the description of books, 
and Peacock’s “ Histor}' of Arithmetic” in the ^ Encyclopaedia Metropolitana.’ 
There is one bibliographical work, viz. Scheibel’s ‘ Eiiileitung zur mathe- 
matisehen Biieherkeimtuiss.’ Ncuo Auflage. 3 vols. 8vo, Breslau, 1781 
(as given in the Babbage Catalogue), which is continually referred to by 
Miirhard, Hogg, Ac., though we have never been able to see a copy in any 
library to whicli wc have had access, or procure one otherwise. Do Morgan 
says, “ 8eheibel (additions) may be considered as partly repetition, partly 
extension, of Heilbronncr. He is one of those bibliographers who collect 
from various sources the names and dates of more editions than those who 
know catalogues will readily believe in.” 

It is unnecessary here to mention works on general bibliography, such as 
Hain, Ebert, "Watt, &c., which arc well known; we may, however, parti- 
cularly notice ‘ Tresor de livres rares ct precieux ou Nouveau dictionnaire 
l)ibliographi(|ue,’ par Jean George Theodore Graesse, Dresde [also Geneva, 
l^nidon, and Parhs |, 1859 -1807 (7 vols. including supplement), which might 
b(' of use, tliough wo have found the mathematical works it contains very 
inaccurately dc.scribed ; but this is a fault common to till works of general 
bibliography. 

Montucltt, * Ilistoiro des Mathematiques,' wc have not found valuable ; but 
we may call attention to the accurate information given by Delamhre in his 
* Histoire de rAstronomie Moderiie,' t. i. Paris, 1821 ; and also in his other 
liist ories. 

lleuss’s ‘ Reportorium Commcntatioimm a societatibus littcrariis editarum,’ 
Gottingm, 1801-1821. 10 vols. 4to, is a work very similar in its plan to 
th(‘ Royal Society's Catalogue of Scientific Papers, except that it is an index 
rertfhi instead of an index auctornm. The mathematics is contained in vol. 
vii., tlie aritlimotic occuf>ving ]>p. 2-31 of that volume. On p. 30 arc refer- 
ences to de.scrij)tions of calculating and other arithmetical machines. 

We liavo found Xos. XIX. and XX. (on trigonometrical and logarithmic 
tables) of Hutton's ‘Mathematical Tracts,' London, 3 vols. 8vo, 1812, very 
iiselul. 

Art. 4. The mode of arrangement of this Report (which properly occu- 
pies § 3, § 1, ;ind § 5), and the rea.sous that have led to its adoption, are as 
follows: — If every table were published separately and formed a work by 
itself, the obvious course would be to divide them into a certain number of 
clas>es according to their contents, to prefix to each class a brief intro- 
duction and ex})Ianation, and thou to give a detailed description, in chrono- 
logical order, of the tables included under it. This is, in fact, the course 
that has been pursued with regard to separate tables (/. c, w'orks containing 
either a single table or only tables that come under the same class) ; § 3 is 
divided into 25 articles, each article being devoted to one subject: — art. 1, 
multiidication tables ; art. 2. tables of proportional parts, Ac. (for the con- 
tents of all the articles, see tlic commoncemeiit of § 3). Each article begins 
with a general^ account, partly liistorical, of the subject included in it ; and 
then follow the doscri})t ions of the separate tables on that subject. But the 
majorit^'^ of works noticed arc collections, and include tables that are oom- 
])rised under several articles ; thus Hutton’s tables contain Briggian and 
liy[)erbolic logarithms of numbers, a natural and logarithmic canon, Ac. Ac., 
each of which belongs to a different article. Two courses were therefore 
open for the treatment of such works : — (1) to describe them under the article 
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having reference to the first or largest table in the work, and insert cross 
references under each of the articles concerned with the other tables in- 
cluded in tbe work ; or to (lescribe all collections of tables in a section 
by themselves, and give references to each of the tables they contain under 
the appropriate artiele in § The second course was clearly the more 
proper, for three reasons — (1 ) because it was free from tbe arbitrary element 
involved in the choice of the leading table, which would bo ic(piired in tlio 
first method, (2) because it was nndesirablc to overlojid the articles of § 3 
with descriptions of tables not belonging to them, and (li) because rcfercnco 
to tbe works would be greatly facilitated by placing them in an article by 
themselves ; § 4 therefore contains all works the contents of which do not 
belong wholly to one of the articles in § or, in other words, which con- 
tain at least two tables, the subjects of uhieli are ineliuled in dilferent 
articles of § ‘b As tbe works in ^ 4 will thus liave to be continually re- 
ferred to separately, they are arranged alphabetically, not chronologically. 
§ 5 is a complete list of all the %vorks containing tables that are described 
in this Keport : and to facilitate its use as an index, a reference is attached 
to the section, or section and article, in which the work is described. 

To ttikc an example of the manner in A\hieli the Keport is intended to bo 
used. Supposing it were required to know what tables there were ol log 
versed sines ; the reader would turn to the beginning of § Ib «*^d, looking 
down the list of articles, see that, coming under the head of logarithmic 
trigonometrical functions,*’ such tables belonged to art. 15. lie would ac- 
cordingly turn to art. 15, and rviid or glame through the introductory 
remarks to that arficle, and the works described tlure; not finding any book 
containing log versed sines uloue described in the adich', he would conclude 
that no separate table of the kind had come under tlu' notice of the reporter ; 
he would then look at the references to § 4 ; and if he wished for detailed 
information with regard to any of those tables, he would examine the de- 
scriptions iu that section. Any one, on the other hand, desiring to know 
the contents of any particular work would seek it in § 5 ; if it occurred there, 
a reference would be found added either to § 4, or to § 3 and the article in 
which it is described. Xo diffi( ulty will be experienced in finding the descrij)- 
tion if it be remembered that all the works are cited by the author's name and 
the date ; and that while in § 4 they are arranged al])hab£‘tically, in the articles 
of § 3 the arrangement is chronological. 

The date is throughout appended to the author's name in citing a work, in 
order to identify the work in § 5 (the date given being always that assigned 
to the work in § 5) ; there is also the further advantage, that any one who 
requires information only with regard to modern tables, still procurable from 
the bookseller, need not waste time in seeking the detailed descriptions of 
works published in the seventeenth and eighteenth centuries. 

It may be mentioned that a few works that flo contain tables of more than 
one kind, are ne\crlheless included in § 3: lliis ha])pens wlien thc.^ 6maIl(T 
tabl(‘8 are insignificant compared with those under which the woi k is classed ; 
references are then appended also in the articles to which the smaller tables 
belong. 

An asterisk prefixed to an author's name (thus • Voisin or ♦ Voisix) in- 
dicates that the description of the work of his referred to has not been derived 
from inspection. In every case where there is no asterisk, the description 
has been written by the reporter with the book itself before him. 

Art. 5. In all cases wdiero the author of a coll(‘ction of tables has num- 
bered or marked them hiifiBelf, Ins numbering or marking has been followed 
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ill this lleport, except in very exceptional circumstances. Where, however, 
the tables are not numbered or otherwise denoted, they have been marked 
|T. I.], [T. II.], &c., as it was necessary to have the means of referring to 
them. Invariably, therefore, where the number of the table is not included 
in square brackets, it is to lie understood that it is the author’s own number. 
Thus T. Vil. in any particular work implies that the table in question is 
numbered Vll. in that work, wliile [T. Vll.j implies either that the table 
has no number, or that the classificatioii in the work i^ different from that 
adopted in this llc])ort. Whenever logarithms are mentioned without the 
epitluT hvp(‘rl)olic or Napierian, common or briggian logarithms (viz. to base 
10) are intended. In some cases, whore there might he some doubt, the 
a<ljeclivc common " is introduced. By hyperbolic logarithms are always 
meant logarithms to the base c (2*71828 . . . ); and these are never called 
^’’(ipierian, this word being reserved for logarithms of exactly the same kind 
as those introduced by Xapier (^ee § b, art. 17). 8iich a sentence as“ Five- 
figure logarithms to Kmio/’ is always to be underatood as meaning “ logarithms 
of numbers from unity to loou, at intervals of unity to five decimal places 
viz., when tin; lower limit of a table i.s not expressed, it is always to be taken 
as unity ; and when the intervals are not mentioned, they arc always unity. 
The term “ places ’’ is used throughout for decimal places ” or “ decimals,” 
a niimlxT “ to b places ’’ meaning a number given to 3 places of decimals 
(not 3 ). The oiilv excct)ti()n made to this rule is in the description of 
tables of common logarithms ; the words “ seven-figure logarithms, «ix-figuro 
logjiri thins, Jcc., have become by u.>age so com])letely recognized as meaning 
logarithms to s(‘ven j)lac(‘S, to six j)laces, &c., that it did not seem worth while 
disturbing the est.iblishod mode of exiiression, as it could lead to no error. 

The contents of old works have been described in the language and nota- 
tion of the ju’csent day. and not in the manner adopted by their authors; 
any peculiarities of notation kc. in a table, however, are pointed out. It was 
long universal, and is still very common, to describe trigonometrical tables as 
being comt>uted to a certain radius ; these arc translated into the language 
of decimals; thus a table ‘*to radius 10,U0O,ti0U ” is described as a table 

to seven places,” and so on. As a rule the cliaracteristics of the logarithms 
have been ignored in describing a table ; i, e. it has not been stated whether 
the characteristic was given or no, or, if given, what was the understanding on 
which it was added. In many tables, contained in works intended for a special 
purpose (as in collections of nautical tables, &c.), arbitrary numbers are added 
to or .subtracted from the characteristics to facilitate their use in working 
some particular formula ; to have included details of this kind would have 
tiikeu mucli room, and been really superfluous, as in most eases all that is 
required to be known in the description of a table of logarithms, is the range 
of the table, aiul tlie number of places to which the mantissie are given. 

W' e may her(‘ mention that tin ambiguity occurs in the description of propor- 
lional-part tables ; thus a table of proportional parts to tenths " may mean 
either that the ]>ro])ortional parts are given for one, two, three, &e. tenths of 
the difference', or elst* that the numbers that form the proportional-part table 
are given to one jdaec of decimals. The former is the meaning generally in- 
tended ; and il would be better if in this case the words “to tenths” were 
replaced by “ for every tenth.’’ 

A good many tables had been described before the ambiguity was noticed ; 
but it is believed the context will generally show the true meaning ; when 
the words to tenths y to hundredths, &o. are italicized, the latter interpreta- 
tion (viz. results given to one, two, &c. decimal places) is to be assigned. 
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Art. 6. To the particular editions of the works described no importance 
is to be attributed. It would obviously have ])een impoasible to always fix 
upon the first or last edition as the one to be describiHl ; in fact wo had no 
choice ; we took what we could f^et. The list in § 5 always contains portions 
of the titlepage of the same edition of the work that is doscri])ed in § 3 or 
§ 4 of the Keport ; the particular edition chosen was usually detcTiniiied by the 
accidental circumstance of its being tin* first that was examined, any informa- 
tion that was siihse(|iiently obtained about otlier editions being added at the 
end of the description of tlio contents of the work in § 3 or § 4. It would 
have been better to have always taken as tin' standard the last edition pro- 
curable, and pointed (mt wherein it diffen'd from its predecessors ; ]>iil this 
would have re(|uired much rewriting of particular portions, and coiisiderahly 
increased the labour of ])n‘])arati()n, with a very small increase of regularity 
in the arrangement of the lle]>ort, but with no correspoiuling increase in its 
value. 

Art. 7. In every case where a table lias luam dcseril)(‘d from inspection, all 
the tables themselves have been examim'd, and not merely tlieir title])ag(\s, 
tables of contents, &e. This was of eoitiNi* absolutely iic'-i's^ary in vory many 
instances, as it is comj)arativeiy rare that any thing inor(‘ than a general 
notion of the contents of a collection of tables can be gathered from tin* author’s 
exjdanations ; but in any ca.se it was essential if the ricjiort was to liavi’ any 
value for accuracy, because the titles assigned by their author> were sometimes 
misleading, if not absolutely erroneous ; and frequently, even if the more im- 
portiint tables liad headings or descriptions prefixed, the smaller ones ( which are 
often more worthy of notice on account of their rarity or mathematical value) 
were passed over. It must here be remarki'd tliat it is never safe to tak(‘ 
a df'seription of a table from its autlioror editor, ns it is not a very uncommon 
thing to give as the contents of a tabhs nut that which can he found from it at 
once, but what can he obtained from the taldf* by m(*ai;s d additional woik, 
such as an interpolation. Thus, under the ]ieading“ 'rable of ](»gaiithms to 
eight dccimaLs ” is sometimes given a table to five placi's, and a ibnnula from 
which to calculaie the remaining tliree. 

Another ease in point is SnuMuuo.i ids tahhx d(‘seribed in this ]te})ort, tin* 
titlepage of which di‘>eribes it as giving the logarithms of all numbers lo 

1.000. 000, when in jioint of fuel it only extemU IiqiinO— the jusiitication 
for the title being that tw'o more figures can he interpolati'd for. It is not 
to be supposed, when such misstatements occur, that the author of the table 
has any desire to mislead, as they usually result from ignoranca- ; but it is a 
matter of regret, wlu*n it has become customary (and most j)j-operly so) that 
a table should be described on its title as giving only what can be fak(‘n out 
of it without additional cah ulation, that this rule should soiindimes lx* aIo- 
lated and a designation given tliat is, to say the least, misleading. We liavc 
also met wdth such instances as the following: — Tln^ title of a book is given 
in a booksellers catalogue as (say) Table of divisors of numbers from I to 

10.000. 000 but the following Avords (say), “ i^art I. from 1 to 150,0(M)’’ 
(when perhaps no more was ever published), are left out — an omission of 
rather an imjK)rtant cliaracter as regards the contents and value; of tlie table. 
Cases of this kind bIioav how imperatively necessary it is to examine* the 
tabic itself ; and Avhenever the description ed’ a table* is tuke‘n from an adveT- 
tiseinent, bookseller’s catalogue, or other sccond-liand source, tliere is great 
liability to error. 

Art. 8. The names ed* authors occurring in the te?xt liave been printed in 
small capitals M’heu the work of theirs alluded to is described in this Jieport, 
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otherwise in ordinary roman type : thus we should write the table was 
copied from ‘ Briggs’s ‘ Arithmetica ’ of 1()24,” because an account of Briggs’s 
work is given in the llcport ; but we should write “ the sines were taken from 
Yieta’s ‘ Canon ’ 1579,” because Vieta’s work is not described. This rule is 
attended to always whenever an author’s name is mentioned in juxtaposition 
with his work, and it will be found to save unnecessary trouble in searching 
for works not noticed in the Keport. Of course all rules are sometimes diffi- 
cult to carry out ; and in cases such as when the author’s name and work are 
separated from one another, or the name occurs frequently in a paragraph by 
itself, but really in connexion with some work not expressl)' named each time, 
Ac., we have attempted to carry out the spirit of the rule and no more. An 
author’s name is enclosed in square brackets (thus [PellJ or [Pell]) when 
his name does not occur on the tith^page of the work of his referred to. 

Art. 9. The words 8vo, 4to, Ac. arc used in § 5 to signify works of 
octavo, quarto, Ac. size, witliout reference to the number of pages to the sheet. 
They are merely intended to givv a rough idea of the size and shape of the work, 
which is bett(U’ done by using them in a general sense than by attaching to 
them their technical meanings. The words “ Large ” or ‘‘ small ” have been 
prefixed Avhen the size was markedly different from what is usual. It must 
be remembered that two hundred years ago all the sizes were much smaller 
than at present, so that the usual quarto page of 1(550 is smaller than an 
octavo page of our day, though the shape is of course more square. Old works 
are geneniUy described as they would have been at the time ; but it sometimes 
may have happened that a true (piarto of old date is here given as octavo, Ac. : 
this caution is necessary for those who might use §5 bibliographically. 
Whenever, in transcribing portions of works in § 5, words have been omitted 
from the titlepage, dots have been inserted to mark the omissions. We may 
mention that we iiave u.sed tlu' word in its proper sense ; viz. wo have 

not sj)oken of a n'print cxeejU when tlie tyj)e wa.s reset. 

Art. 10. In the preparation of tliis llcport extensive use has been made of the 
libraiies of tlie British ^luseiim, the iloyal Sucidy, the University of C’am- 
l)ridg<*, the Iloyal Observatory, Trinity College (Cambridge' ), and the Iloyal 
Astronomical Society, in one or otlior of which the majority of the works 
noticed are contained. We Imvc also, through the kindness of Professor 
llenrici. hccii cjuihled to consult the Craves Library at University College, 
London, which (‘ont ains an almost unrivalled collection of old mathematical 
works ; hut as they are not yet arranged, it is not possible to find any par- 
ticular we)rk without great expenditure of time and lahtiur. The Dc-Morgan 
library at the London University is also still in process of arrangement, and is 
therefore inaccessible for the present. By the kindness of Mr. Tucker, who 
forwarded us an early copy of tlie sale-catalogue of tlie late ^Ir. Babbage’s 
library, w(‘ have been enabled to extract several titles from it, and identify 
works of the titles of wliich wo had only imperfect descriptions ; hut we have 
not been able to see any of the books themselves. It must not he understood 
that the llcport contains notices of all the books of mathematical tables 
contained in the libraries mentioned at the beginning of this article. For in- 
stance, the Iloyal Society's catalogue contains the titles of several works that 
sliould be included but wliicli wc have not yet examined; and of course no 
one can know what tables there am in such libraries as those of the British 
Museum or the Cambridge X^niv('rsity, where there is no catalogue of subjects. 
For the omissions wc could have rc(‘lilied wo must plead in excuse the 
already great extent of the lle2)ort, and consoqnent necessity of drawing the 
lino somewhere. Of coui'se many of the works noticed ttre either in our own 
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possession or were lent by friends ; and we must acknowledge the kind nssist- 
nnee rendered by Mr. C. W. Merrifiold, bMl.8., of whose mathematical library 
Ave hope to make more use in a future Itcport. 

Art. 11. The llcport is avoAvedly very imperfect ; it contains probably not 
one half of the works that have as good a right to be noticed as those that 
are included. This defect Avill be remedied by the publication of an Appen- 
dix or additional Eeport on the same subject, probably after the ai) 2 )C[iranco 
of the lleports on the other divisions. As it Avould be clearly im 2 )ossible to 
have made this Eeport perfect (and had it been possible, it Avould have occu- 
2 )icd more space than could be given to it), an Appendix giving the results 
of the examinations of the memoirs, transactions, Ac. in reference to this 
class of tables would have had in an}^ case to be added after the com- 
pletion of the other divisions ; and on this account it seemed unnecessary 
to take especial pains to jnocure Avorks that were clearly of no very great 
imjportance, or to insert im];erfect second-hand accounts of tables that Avould 
in all jmobability be met with in the course of the formation of the subse- 
quent Eci)orts. Invariably, hoAvever, whenever a reference Avas found to a 
table that seemed of imtwrtance, no 2)ains have been spared in the endeavour 
to obtain and examine a coj)y ; in the event of these etibrts being fruitless, 
a notice of the Avork com])iled from other accounts has been given, Avith an 
intimation of the source Avhence the information Avas derived ; but only three 
or four AYorks arc included that have not comc' under the eye of the rctiorter. 
It is probable that there may have been published recent Avorks on the 
continent no coj^y of Avhich is contained in any of tlie public libraries of this 
country ; and on this account it will probably be found very dilHcult to 
make the list perfect. The imeseut Ec2)ort is, however, so far comi>]ctc that 
the Committee think they may ask mathematicians or computers Avho are ac- 
quainted Avith any works not inciuded in it or in iJc organ, to inform them 
of the fact. It is only in this way that comidctcness can be obtained, as 
although, by an examination of the transactions Ac. to AAhich reference's aie 
gh'en at the beginning of the Eoyal Society’s catalogue, the completion of the 
accounts of tables contained in memoirs Ac. would be merely a matter of time 
and labour on the jjart of the members of the Committee, the discovery and de- 
scription of books printed in out-of-thc-Avay places, or for private circulation, 
can only be effected by the cooperation of mathematicians Avho may happen 
to possess cojues*. The Eeport, however, as it now stands, wiU be found to 
contain more information about tables than is to be found anywhere else ; in 
fact, except Dc Morgan’s list (referred to in art. 3 of this section), we know no 
place where any attempt is made to coA’er the ground included in this Eeport ; 
and though De ^forgan has referred to more Avorks than are described herein 
detail (even Avhen commercial tables are excluded), it must be borne in mind 
that his dcscrij>t ions are too short and general to be of great Auilue, that more 
than a third of his accounts arc compiled from sources other than the original 
AVorks, and that he has made no attempt to do more than roughly classify the 
(not the tables) ; in fact a more detailed description or classification Avas 
excluded by the jdan of his article, which notwithstanding gives a great deal 
of information in a very small space. 

Art. 1 2. By an oversight (which Avas not discovered till it was too late to 
remedy it) avc haA'c excluded from the Ecj)ort traverse tables, viz. Ditferencc- 
of-latitude and Departure tables, which under the head of multiples of sines 
and cosines ought to haA^e been noticed. 8uch tables arc of general use in 

* It is requested that coinmuyications may be addressed to Mr. J. W. L. Gluislicr, 
Trinity College, Cambridge. 
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all mathematics, as lliey are in reality merely tables for the solution of right- 
angled triangles ; we have noticed one such table (Massaloup, § 3, art. 10), 
which was constructed for mining- (not nautical) purposes. 

Wc hope to repair the omission by appending a separate list of traverse 
tables to a future lleport. 

Art. 13. A very important incidental gain that it was hoped would be 
afforded by the present lleport, was the opportunity of correcting errors in loga- 
rithmic and other tables by giving references to the places in which errata-lists 
had been published. In the introductions or prefaces to works containing 
tables, it is usual to give a list of the errors that have been found during 
their preparation in previous tables : and as few possessors of a work can be 
acquainted with the publications that have appeared subsequently, it was 
thought that by referring, under each title, to the works or periodicals in 
which lists of errata in it had appeared, an important service would be rendered. 
It was soon evident, however, that it was impossible to deal adequately with the 
subject of errors in tliis manner. Many of the important collections have 
been through ver}’ numerous editions ; and it was not always stated in which 
editions the errors were found ; and when tlie edition was stated, it was 
doubtful (without examination) whether the errata-list in question had come 
under the eye of tlie editor, and the errors been corrected in subsequent 
editions, or not. In the case of stereotyped tables, successive tirca/es are more 
and more accurate ; and in regard lo collections of such tables published long 
ago, as, for example, Callet (first published in 1783, though since reset), it seems 
useless to waste sj)ace by giving references to the numerous errata-lists that 
have been published, some of which must necessarily relate only to the earlier 
tircKjes, and must have been corrected long ago. This is the case with all the 
chief tables, and only in ])articular instances, when circumstances rendered it 
probable that tlie errata-lists would he of use, have references been given to 
them. As, however, this state of affairs is very unsatisfactory, it is hoped 
that in a subsequent lleport a complete list of orroi's in later editions of the 
most-used mathematical tables, still unsuperseded, may be given ; but it is ne- 
cessary first to he satisfied that the errata given are not erroneous fliemsolvcs. 
Many of the chief modern lists of errata arc noticed in this lleport, and also 
others that it seemed desirable to give references to at once ; but wc have 
made no effort to deal with the matter in a complete manner. It is much to 
to he regretted that it is not usual for editors of a new edition of a table to 
give a list of the errors that occurred in former editions, and have been corrected 
in that edition. It is only fair for the purchaser of a new edition of a work 
to be informed wherein it differs from its predecessors ; hut unfortunately the 
object of the editor and publisher is to sell as many copies of the new edition, 
not to render the old as valuable as the new. It is proper to add, however, 
that usually, when tables arc published by a mathematician for the advance- 
ment of science, and not by a bookseller and editor for the sake of profit, an 
exception is made to this rule, and errata arc freely acknowledged. A remark 
made by Dc Morgan with reference to mathematical hooks in general, viz. 
that the absence of a list of errata means, not that there are no errors, hut 
merely that they have not been found out, is more applicable to tables than 
to any other class of work, in spite of the care usually bestowed on them ; 
and an error in a table is far more fatal than an error in any otlier class of 
work, as there is no context (as far as the user is concerned) to show imme- 
diately that the result taken from the table is erroneous. The subject of 
errors will particularly occupy the attention of the Committee in a future 
lleport. 
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Art. 14. The whole of the work required in the i)reparatiou of the lleport 
has been carefully performed ; and we believe that not many inaccuracies will 
be found. Every work noticed, except only three or four, has been described 
from actual inspection ; and the account has invariably been written with the 
book before us. Every one, liowever, who has had any experience of biblio- 
p^raj^hical work knows how impossible it is to be always accurate ; the work 
lias often to be performed in public libraries open only for a few hours in the 
day, so that any one who has not an unlimited number of daj^s at his command, 
must sometimes work under pressure. Omissions arc thus made, which, when 
discovered during the revision six months afterwards, cannot bo rectified 
without great loss of time, even if it be remembered what library it was that 
contained the work in question. The references from one part of the lleport 
to another will also, it is believed, be found correct ; but as the whole plan 
and arrangement have been altered in tlie course of the year over wliich the 
preparation of the lleport has lasted, it is possible that some of the old refer- 
ences ma}’ remain still uncorrected. If this should be found to be the case, not 
much difficulty can ever be experienced in seeing wluit is meant with the aid 
of the list of articles at the beginning of § Jl, and the list of works in § 5 ; 
also if any misprints (such as T. II. for T. III. &c.) should escape notice in 
the correction of the ])roofs, the reader Avill be enabled to correct these with- 
out much waste of time, lists of errata and corrections, should such be 
needed, will be given in subsequent lleports. Whenever we have made a 
statement on some other authority than that of our own observation, w'e have 
invariably stated it, though we are aware that we tliiis lay ourselves open to 
the imputation of not having verified facts of the accuracy of wiiich w^e might 
have assured ourselves ; but, as Ec Morgan has observed, the possibility of 
writing a history entirely from personal observation of the originals has not 
yet been demonstrated. 

§ 3. Separate Tables, arranrfccl accordinri io fhe vattire of their co'i) tents ; with 

Introdmiory Bemarhs on each of the SiveraJ hinds of Tahhs inchaled in 

the present lleport. 

This section is divided into twenty-five articles, the subject matter of which 
is as follows : — 

Art. I. Multiplication tables, 

2. Tables of proportional parts. 

3. Tables of quarter squares. 

4. Tables of squares, cubes, square roots, and cube roots. 

5. Tables of powers higher than cubes. 

(). Tables for the expression of vulgar fractions as decimals, 

7. Tables of reciprocals. 

8. TfUbles of divisors (factor tables), and tables of primes. 

1). Sexagesimal and sexcentenaiy tables. 

10. Tables of natural trigonometrical functions. 

1 1 . Lengths (or longitudes) of circular arcs. 

12. Tables for the expression of hours, minutes, &e. as decimfds of a 

day, and for the conversion of time into space, and vice versa, 

13. Tables of (Briggian) logarithms of numbers. 

14. Tables of antilogarithms. 

15. Tables of (Briggian) logarithmic trigonometrical functions. 

1 6. Tables of hyperbolic logarithms (viz. logarithms to base 2*71828 . . .). 

17. Napierian logarithms (not to base 2*71828 , . .), 
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Art. 18. Logistic and proportional logarithms. 

J 9. Tables of Gaussian logarithms. 

20. Tables to convert Briggian into hy2)crbolic logaritlims, andr/ciJ veyad^ 

21. Interpolation tables. 

22. Mensuration tables. 

23. Dual logarithms. 

24. Mathematical constants. 

25. Miscellaneous tables, figuraic numbers, &c. 

Art. 1. cation Tables. 

The use of the multiplication table is so essential a part of the history of 
T^umeration and Arithmetic, that for information with regard to its introduc* 
tion and application we must refer to Peacock s ‘ History of Arithmetic ^ in 
the ‘ Encyclopa3dia Metropolitana/ to Dc Morgan’s ‘ Arithmetical Books ’ 
(London, 18-17), as well as to Ileilbronncr, Delambre, (kc. (sec § 2, art. 3), 
to Leslie’s ‘Philosophy of Arithmetic,’ and perhaps to Barlow’s ‘Theory of 
Xumbers’ (London, 1811), in most of which references to other works will 
])c found. There is abundant evidence that, till comparatively recent times 
(say the beginning of the eighteenth century), multiplication was regarded 
as a most laboi'ious operation ; this is testilied not only indirectl)" by the very 
simple examples givem in old arithmetics, but cx])licitly by Decker in his 
‘Eerbic Dcid vande Aheuwe Tclkonst’ (see Phil. Mag. Suppl. Xumber, Dec. 
1872). The great popularity of Xapier’s bones, and the eagerness with 
which they were received all over Europe, show how great an assistance the 
simi)le.st contrivance for reducing the labour of multiplications was considered 
to be. It would bo interesting to know how much of the multiplication 
computers were in the habit of committing to memory, as the bones would 
be no great help to any one who knew it as far os nine times nine. In this 
Beport, however, we are only concerned with extended multiplication tables 
(viz. such as are to be used as tables, and were not intended to bo committed 
to memory). The earliesl printed table of multiplication we have seen re- 
f('rred to is Thomas Einck’s ‘ Tabula) ^ilultiplicationis et Divisionis, seorsim 
etiara Moneta) Danica) accommodata?,' Hafniie, 1004 (which title De Morgan 
obtained from Prof. Werlauff, Eoyal Librarian at Copenhagen) ; but the 
work, from its title, must liave been rather a ready reckoner than a proper 
scicntitic tal)le. The earliest large table, which, strange to say, is still as exten- 
sive as any (it has been equalled, but not surpassed by Ciuolle, 1804), is Herwart 
Aii Hohenbfrg’s ‘Tabula) Aritlimeticae TrpodOacpaipeaeLJs Dniversales,’ 1010, 
described at length below. Of double-entry tables, Crelle’s ‘ llechentafeln,’ 
1804, is the most useful, and the most used, for general purposes. The other 
important tables arc chiefly for multiplication by a single digit. 

A multiplication table is usually of double entry, the two arguments being 
tlic two factors ; and when so arranged, it is frequently called a “ Pythagorean 
Table.” The great amount of room occupied by Pythagorean tables (no 
t able so arranged could extend to 1000 x 10,000, and be of practicable size) 
has directed attention to modes of arrangement by v hich multiplication can 
be performed by a table of single entry ; the most important of these ore 
tables of quarter-squares, which are described in § 3, art. 3, where are also 
added some remarks on multiplication tables of single entry. See aldo Dilling, 
described below. 

It is almost unnecessary to add that, when not more than seven or ten 
figures are required, multiplication can be performed at once by logarithms, 
whicli (though not the best method for two factors when either a Pythagorean 
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or quarter-square table of suitable extent is at band) have the adv^antago 
tliat by their means any number of factors can be multiplied together at 
onco. 

Gruson s table, 1798, is for multiplications of a somewhat different kind from 
the rest. 

Crelle, in the introduction to his ‘ llcchentafcln ’ (1820), mentions a 
work, ‘ Tables do ISfultiplication, a Tiisage de MM. les geometres, do Mm. les 
ingenieurs vcrilicateurs dii Cadastre, etc.’ sec. edit. Paris, Chez Valaoe, 1812, 
which he says extends to 500 x 500, and occupies 500 quarto pages ; while, 
he adds, his own work, which is four times the extent, occupies only 1 800 
octavo pages. For the full titles of Picaiie's ‘ T?ibles de Multiplication ' and 
< Tableau Pithagorique,’ see under Picarte (1861), in § 3, art. 7. 

Closely connected with multiplication tables are so-called Proportional-parts 
tables (described in the next artiehO ; and very fre(iiiciilly in the latter the 
last figure is not contracted, so tliat by a mere change of the position of the 
decimal point they become tables of multiples. 

Herwart ab Hobenburg, 1610. Multiplication table, from 2x1 to 
1000 X 1000. The thousand multiples of any one of the numbers are con- 
tained on the same page, so that (as the number 1 is omitted) there are 999 
pages of tables. By a strange oversight, the numbering begins with 1 on 
the first page of the table instead of 2, so that the multiples of n are found 
on page n — 1 : this is inconvenient, as the number of the page alone appears 
on it, so that (say) to find a multiple of 898 we seek the page headed 897. 
Each page contains 160 lines, numbered in the left-hand column 1, 2, 3, . . . ; 
and besides this column of arguments there are ten columns headed 0, lOt), 
. . . 900. The first figure of the multiplier is therefore found at the top of 
the column, and the last two in the left-hand column (on p. 3 it will be 
noticed 200 and 300 are interchanged at the to]) of the columns). There 
being more than 1000 pages of thick paper, the book, as De Morgan has 
observed, forms a folio of almost unique thickness. Also, as the pages con- 
tain 100 linos, pretty well leaded, the size of the book is very large ; so that 
Leslie (Philosophy of Anthmetic, 2nd edit. 1820, p. 246) was quite right in 
calling it “ a very ponderous folio.” De Morgan says the book is exces- 
sively rare ; a copy sold by auction a few years ago was the only one we 
ever saw.” 

Kiistner (‘ Geschichte,’ t. iii. p. 8) quotes the remark of Heilbronncr (who 
gives the title of the work, * Hist. Math.’ p. 801), “ Docet in his tabulis sine 
abaco multiplicationcm atque divisioncm perficere,” (See., and adds that Heil- 
bronner could not have seen the work, or he would liave described it ; lie 
remembers to have read that it was like a great multiplication table. The 
title is given by Murhard, and marked with an asterisk to show that he had 
seen a copy, llogg gives the title very imperfectly ; and it is clear the work 
has not been in liis hands. There is a complete copy in the British Museum, 
and a copy in the Graves Library; but the latter is imperfect, the pages 
12-25, 120-145, and 468-517 liaving been lost, and their places supplied 
with blank paper. On account of the rarity of the work, and the great in- 
terest attaching to it from the time when it was published, we have thought 
it worth while to give the title in full in § 5. The clearness of the type 
and the extent of the table (which has not been surpassed, and only equalled 
by Crelle, 1864), taken in connexion with its early date (foui* years before 
Hapiee’s ‘ Canon Mirificus ’), ^ive the work a peculiar interest. De Morgan 
writes ; — “ it is truly remarkable that while the difficulties of trigonometrical 
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calculations were stimulating the invention of logarithms, they were also 
giving rise to this the earliest work of extended tabulated multiidicatioii. 
Herwart passes for the author ; hut notliing indicates more than that the 
manuscript was found in his possession.’’ We have seen the statement that 
while Napier solved triangles by logarithms, Herwart did so by prosthapha)- 
resis, and others of the like kind, the inference being that Herwart invented 
a method which has been superseded by logarithms ; this (if the present 
work is the source of the statement) is incorrect, Horwart’s table being 
merely useful in facilitating the multiplications required in the forinuhe. 

There are in the British Museum three other works of Herwart al) Hohen- 
burg: viz., ‘Thesaurus Hierogl 5 q)hicorum c iniiseo Joannis Gcorgii Herwart 
ab Hohenburg . . (Obi. fol. Munich ?, IGl 0 ?) ; ‘ Novm, veroc et exacte ad cal- 
culiim . . . Chroiiologia) e museo . . Small 4 to, lGl!2 ; and ‘Ludovicus Quartus 
Imperator defen sus . . . ab Joanne Georgio Her war to’ &c. 4to. Munich, IGIS 
(the middle one of which is given in Lalande’s Bib. Ast.). We have looked 
at these three books in the hope that some mention might be made in them 
of the table, or some information given about Herwari's Museum ; but they 
appear to contain nothing of the kind. We have seen also tlie titles of several 
other w'orks of Hcrwnirt’s, «and references to where particulars of his life are 
to be found ; so that, considering the attention so large a work as his table 
must have received from contemporary mathematicians, W'c still have hopes 
of being able to bring to light some information with regard to its calculator, 
his objects, Ac. 

It should be stated that Herwart ab Hohenburg is spoken of quite as fre- 
quently by the name of Hohenburg as by that of Heiwvart. 

The author of the anonymous ta])le(1793) described below', states that 
many errors w^ere found in HnRW^^IlT, and that Schiibler (wdiose table we have 
not seen) w as much more correct. 

Riley, 17 75. Tlie first nine multiples of all numbers from 1 to 5280. 
The multiples of the same number are placed one under the other, the factors 

I, 2 ... 9 being three times repeated on the i^age, W'hich contains ten columns 
of results and twenty-seven lines. 

The preface is signed Geo. Biley and T. O'B. Macmahon. There is an ad- 
vertisement of lliley’s “ historical ])laying-cards” &c. at the end, and of several 
w^orks by Macmahon. On the relation of this book to another, “printed for 

J. riummcr” (anonymous) in the same year, see Do Morgan. 

Anonymous, 1793. Multiplication table exhibiting products from 2x13 

to 100 X 1000, arranged so that there are 100 multiples (in tw'O columns) of 
four numbers on each page, w’hicli therefore contains eight columns. 

Gruson, 1798. The first pait of this book contains a number of tables, 
tlie description of any one of wdiich will explain the arrangement. Take the 
table 36 ; it has ten columns, headed 0, 1 , 2, . . . , 9 (as have all the other 
tables), and 3G lines, numbered 0, 1, 2, . . . , 35 ; we find in column 6 and 
line 21 (say) 237=6 x 36-1-21 . The use of the table is as follow- s : — suppose 
it required to find the number of inches in 6 yards 21 inches ; 36 in. =1 yd., 
we find table 36, column 6, line 21, and have the result given in inches. 
There are tables for all numbers from 1 to 100, and for primes from 100 to 
400, the number of lines in each table being equal to the number of the 
table. The use of the tables in performing ordinary divisions and multipli- 
cations when there are four or more figures in the divisor or dividend, &c. is 
fully explained by the author in the introduction. When used for division, 
the table gives the quotient and the remainder. 

There is also given a table of all simple divisions of numbers (not divisible 
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by 2, 3, or 5) to 10,500. A short and grandiloquent dedication to the 
French Institute is prefixed. 

Rogg gives also a German title, ‘ Pinaeothek, oder Sammlung allgcmein- 
niitzlicher Tafeln fiir Jedermann’ &c. 

Gruson, 1799. A table of products to 9x10,000. The pages, which 
arc very large (containing 125 lines), are divided into tw^o by a vertical line, 
each half page containing ten columns, gi\ung the numbers and their first 
nine multiples: the first half of the first page thus ends at 9x124, the 
second haK at 9 x 249 ; and there arc 1992 tabular results to the page. The 
table has only one tenth of the range of Bretsciixeider’s ; but the result is 
given at once; however, the large size of the page (almost, if not quite, the 
largest we have seen for a table) is a great disadvantage. There are t^vo 
pages of explanation &c. 

The title describes the table as extending to 100,000, the above being only 
the first part. We do not know wdiether any more was published, but think 
probably not. Rogg mentions no mure. At the end of the introduction 
three errors occurring in some copies are given. 

Martin, 1801. This is a large collection of tables on money-changing, 
rentes, weights and measures, &c. The only part of the book that needs 
notice here is Chapter XI., which contains a multiplication table giving the 
first nine multiples of the numbers from 101 to 1052 (19 pp.). 

DiUing, 1826. In the use of a table of logarithms to multiply numbers 
together, the logarithms used are of no value in themselves, being got rid of 
before the final result. If, therefore, letters a, h, c, ... be used instead, W’e 
have no occasion to know the values of any one of them, but only the wmy in 
which they are related to one another. The jnesent table is constructed for 
numbers up to 1000 on this principle; wnthin this range there are about 170 
primes, the logarithms of w'hich have to be denoted by separate symbols, 
a, 6, . . . , z, Uj, . . . , &c. ; the powers of 2 are denoted by numbers ; thus 
log (2^)=2, log (2'^)=3, &c. ; and the logarithms of any number to 1000 can 
be easily expressed in not more than four terms; thus log 84=2-j-u-f-r. 
There is also a table of antilogarithms arranged according to the last letter 
involved; thus log 21=^-f-r, log 15=a4-^j the sum =2a‘-\-h-\-c ; and 
entering the antilogarithmic table at r, w^e find 315 the product. We can 
thus only raultii)ly numbers whose product is less than 1 000 ; and a table of 
products of the same size would certainly have been more useful. The table 
can of course be used for division, square roots, &c., but only if the result is 
integral, so tliat it is little more than a matter of curiosity. This table was 
intended, how ever, only as a specimen, to^ be followed by a larger one to 
10,000. We believe the continuation was not published ; and Rogg refers to 
no other work of Billing. 

The work, although nominally a table of logarithms, is included in this 
article, as it is really a multiplication table. It is the only table w^e have met 
with involving a principle which at one time would have been of value with 
respect to multiplication, viz. to resolve the numbers into their prime factors, 
and multiply them by adding their factors. Thus 21 = 3 X 7, 1 5 = 3 x 5, and 
their product 315=3^ X 5 X 7 ; if therefore we had a table giving the prime 
factors of all numbers from 1 to 1000, arranged in' order, and another table 
of like extent giving the numbers corresponding to the same products of 
factors, arranged with the largest factor first, and the others in descending 
order, so as to facilitate the entry, we could perform multixjlication (whore 
the product does not exceed 1000) by addition only. In the construction of 
euch a table it would soon be fdund convenient to replace the two and three 
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figure primes by letters, to save room, and, in fact, to use letters through-. 
out — and further to simplify the printing by writing as 4cf, «fec., which 
would do equally well ; we then have Billing ’ s tables, which have not the 
smallest connexion with logarithms. Such a table might once have been 
found useful ; but the slightest consideration shows that (except as a factor 
table) it would be all but valueless now. The space a largo table of the kind 
would occupy, the impossibility of arranging the antifactor table so as to 
admit of easy entry, and the great convenience of existing tables (both 
I*ythagorean and logarithmic) are alone sufficient to prove this. 

Crelle^ 1S;3G. This table occupies 1000 pages, and gives the product of 
a number of seven figures by 1, 2, . . . , 9, by a double operation, very much 
in the same manner as Eketsciineider’s docs for a number of five : viz., each 
l)age is divided into two tables ; thus, to multiply 9382477 by 7, we turn to 
j)age 825, and enter the right-hand table at line 77, column 7, where we find 
77339 ; we then enter the left-hand table on the same page, at line 93, 
column 7, and find 050, so that the product required is 05077339. We think 
for Jiiim]}ers seven figures long the table (ffiects a considerable saving of time, 
as it is as eas}^ to use as Binri S chneider’s for five figures. It would take some 
litlki practice to use the table rajndly in all cases, as of course the mode of 
( iitry, etc. must be varied according as the numbei* consists of seven, six, 
fivT, dec, figures ; but the value of a table is meastired not by tlie trouble 
r(‘(]uired to learn to use it, but by the time saved by means of it after the 
eom])uter has learnt its use. 

Bretschneider, 1841. This table is for the multiplication of any 
number up to 100,090 by a single digit. On each ])agc lliere arc two tables, 
the upper of which occupies ten lines, and the lower fifty. An example will 
show the method of using the table. Suppose it re(juired to multiply 
50878 by 7, then the table is enten'd on the page headed 0800 (the headings 
run from 0 to 99, witli two ci}diers added to cacli). Facing 78 in the lower 
table we find ^140 ; and in the upper t.able facing 508, in the column for 7, 
we find 397 ; the product required is therefore 398140, the third figure 
b(4ng increased because the 140 was marked by an asterisk. The arguments 
in tlje upper table, on tlie page headed 0800, are 08,108,208 . . . 908 (twice 
repeated for the two cases v hen succeeding numbers arc less and greater 
than 50), and also 1, 2 ... 9, as the table is of double entry. 

The arrangement of the table is thus very ingenious ; but, as Be Morgan 
has remarked, multiplication by a single digit is so simple an operation that 
it is (pieslionable how far a table is serviceable when its use requires three 
distinct points to be attended to. 

The introduction (10 pages) gives a complete explanation of how the table 
can be used when the number of figures is greater than five. Having made 
some use of the table for this i)urposc, we do not tliink any time is saved by 
it ; at Jill events, not until the computer has had much practice in using it. 

Crelle^ 1804. This magnilieiuit table gives products up to lOOOxlOOO, 
arranged in a most convenient and elegant manner, one consequence of which 
is that all the multiples of any number appear on the same page. It is also 
very easy to get used to the arrangement of the table, which is as useful for 
divisions as multiplications. It can be used for multiplying numbers which 
contain more than three figures, by performing the operation, three figures 
at a time; but it requires some practice to do this readily; and a similar 
remark applies to the extraction of square roots. 

There is one great inconvenience that every computer must feel in using 
the work, viz. that the multiples of numbers ending in 0 arc omitted, so that^ 

c2 
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for example, wo pass from 3D to 41. It is quite true that the columns for 
40 are the same as those for 4 with the addition of a 0 ; but the awkward- 
ness of turning to opposite ends of the book for (say) 889 and 890, and then 
having to add a 0 to the latter, is very great. It is a pity that a desire to 
save a few pages should have been allowed to impair the utility (and it docs 
so 'most seriously) of so fine a table. The matter is referred to in the 
preface, where it is said that Crelle, “ after mature reflection,” decided to 
omit these numbers. 

The original edition was published in 1820, and consisted of two thick 
octavo volumes, the first proceeding as far as 500x 1000, and the second 
completing the table to 1000x1000. The inconvenience rcfcvTcd to above 
is felt more strongly in this than in the onc-vo’ume edition, as frequently the 
numbers ending in 0 have to be sought in a diflerent volume from the others. 
Both editions are, we believe, very accurate. There are 3 pp. of errata 
(pp. xvii-xix) at the beginning of the edition of 1820. De Morgan gives 
1857 as the date of Bremiker's reprint, and says he has heard that other 
copies bear the date 1859, and have no editor's name. 

Laundy^ 18G5. The first nine multiples of all numbers from 1 to 100,000, 
given by a double arrangement : viz., if it is required to multiply 15395 by S, 
we enter the table on p. 4 (as 395 is intermediate to 3(K) and 400) at 15, 
and in column 8 find 1 22 ; we enter another table on the same page at- 395, 
and in column 8 find IGO ; the product is tlierefore 123100. We take this 
number instead of 122100 because in the column headed 8, first used, there 
anpears the note [375]^', the meaning of which is that if the last three figures 
of the number exceed 375 (they are 395 in the above exam])le) the third 
figure is to be increased by unity. The table is thus seen to bo the same In 
pvinclplc as Bretschneider, but not quite so convenient. There are the same 
objections to this as to the latter table. The present table occupies 10 ])p. 
4to, and BrEtschneider’s 99 pp. 8vo. 

Mr. Laundy remarks in his preface that Crelle 's ^ Erlcichierungs-Tafel,’ 
1830, although one hundred times as large as his, must not he estimated as 
presenting advantages proportionate to its vast difference of extent.'’ In this 
w^e scarcely agree ; for it is only when the numbers are six or seven figures 
long that one begins to feel the advantages of a table for so simple an oj)eration 
as multiplication by a single digit, and Crelle’s table would not take much 
longer to use than the present. 

The following is a list of references to § 4 : — 

Multiplication 'Tables, — Donsox, 1747, T. XXXYIII. to 9 x 9999 ; IlurTox, 
1781 [T. I.] to KM) X 1009 ; Callet, ls5:> [T. VIII. j ; Sciirox, I8f;(). T. III. ; 
Parkhurst, 1871, T. XXVI., XXXIII., and XXXIV.; see also Leslie, 
1820, § 3, art. 3, and Wijcherer, 1790, T. II. (§ 3, art. 0.) 

Art. 2. Tables of Proportional Parts. 

By a table of the proportional parts of any number .r is usually under- 
stood, a table giving J-.r, true to the nearest uiiit. Of course 

the assumption of 10 as a divisor is conventional, and any table giving 
a? 2 ^ (a — 1 

. . . — - — ^ would equally be called a proportional-part table. Ordi- 

nary proportional-part tables (viz. in which a = 10) are given at the sides of 
the pages in all good seven-figure tables of logarithms that extend from 
10,000 to 100,000. The difference between consecutive logarithms^ at the 
commencement of the tables (viz. at 10,000) is 434, and at the end is there- 
fore 43 ; so that a seven-figure tuble of the above extent gives the proportional 
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parts of all numbers from 43 to 434 (note that near the commencement of 
the table, viz. from diff. 434 to diff. 340, the proportional pai*ts are only 
given for every other difference in some tables ; whether a table gives the 
])roportional 2 )arts of all tlie diffcTences or not is generally noted in § 4). 
Several seven-figure tables extend to and for the last 8000 the dif- 

ferences decrease from 434 to 403. Tables in which <7=60 often accompany 
canons of trigonometrical functions that give the results for every minute, for 
convenience of interpolating for seconds ; such must be sought from the 
descriptions of trigonometrical tables in § 3, arts. 10 and 15, and in § 4 ; 
we have also seen tables for which « = 30, where the functions are tabulated 
for every two minutes or two seconds. 

There are several tables to which proportional j^arts of the differences to 
hundredths (viz. in which « = lO()) are attached, e.g. Geay (§ 3, art. 19), 
Filipowski (§ 4), and IbNuxo (§ 3, art. 13) ; but the ranges of the differences 
are generally so small that it is not worth while giving references. In 
PiNETo, for instance, the range of the differences is only from 4295 to 4343 
(in this work multi 2 )les arc given, the last two figures being separated by a 
comma). 

The only separate table of xmoportional parts, properly so caUed, that we 
have seen, is 

Bremiker, 1S43 (‘ Tafel der Proiiortionaltheile ’). Proportional parts to 
luoidredihs (viz. multi})les from 1 to lO^b with the last figure omitted, and 
the last but one corrected) of all numbers from 70 to 699. A very useful 
talde, chiefly intended for use in interpolating for the sixth and seventh figures 
in logaiithmic calculations. 

T. III. of SciiEox (§4) (which is there called an Interpolation Table) is a 
large table of pro 2 )ortional ])arts. 

It is to be noticed that all multiplication tables are, or rather can be used 
as ])roportional- 2 )art tables. A table of multijdcs, with the last figure omitted, 
and the last but one corrected (which can be done at sight), is a pro|)ortional- 
])art table to tenths ; and if the last two figures arc omitted, and the last 
remaining figure corrected, to hundredths (see therefore § 3, arts. 1 and 3). 

It is pro 2 )er here to allude to slide-rules and other mechanical aj^plianccs 
for working ju’oportions Ac. A card intended to do the work of a very large 
slide-rule is described in § 4 (Eveeett) : and some information and references 
about slide-rules of different shapes will be found in a paper “On a New 
Proportion Table,’' by Prof. Plvcrctt, in the Phil. Mag. for Nov. 1866. 

The following are references to works described in § 4 : — 

Tithhs of l^rojiortlonal J\(rfs . — Sir J. Mooke, 1681 [T. 11.]; Ducom, 182(), 
T. XX.; Lynn, 1827, T. Z; Callet, 1853 [T. Ylll.J; SciiEdisr, 1860, 
T. 111. 

Art. 3. Tables of Quarter Squares^ 

Tables of quarter squares have for their object to facilitate the performance 
of multiplications ; and the principle on which their utility depends is con- 
tained in the formula 

ah=l(a + hy-l(a-h)\ 

so that with such a table to multij)ly two numbers we subtract the quarter 
square of the difference from that of their sum ; the multiplication is there- 
fore rejdaced by an addition, a subtraction, two single entries of the tables, 
and a final subtraction — a very considerable saving if the numbers be high. 
The work is more than with a product table, where a double entry gives the 
result at once ; but the (juarter squares occupy much less space, and can 
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therefore be tabulated to a much greater extent without inconvenience. ^In 
tables of quarter squares the fraction ^ which occurs when the number is 
odd is invariably left out ; .this gives rise to no difficulty, as the sum and 
difference of two numbers must bo both odd or both oven. 

A product can, of course, be obtained by logarithms with about tho same 
facility as by a table of quarter sciunres ; but the latter is preferable when all 
the figures of tho result are required. 

Ludolf, 1690 (see § 3, art. 4), in the preface to liis ‘ Tetragonomotria,’ 
explains tho method of quarter squares completel 3 % and shows hoAv his table 
is to be used for the purposes of multiplication. The earliest table of quarter 
squares I)e Morgan had heard of was Voisix, 1817 ; but Cextnkkschwku (see 
below) refers to one by Ihirger of the same date, the full title of which wo 
have quoted from llogg. 

CiiELLE, in the preface to tho first edition of his ‘ llechontafeln ’ ( 1820 , 
j). XV.), speaks of “Uuadrat-Tafeln nacli JiUplace unci Gergonne, iiiittelst 
w^elcher sich rroclucte findeii bissen," &c. The allusion to Laplace doubtless 
refers to tho memoir in the ‘Journal rolytechnique,' noticed further on in 
this article ; but we cannot give the reference to Gergonne. 

The largest table of (]uarter squares that has been constructed is that 
published by the late !Mr. Lwxdy, which extends as far as the (jiuirter 
square of 100,000 ; it would be desirable, however, to have a table of double 
this extent (viz. to 200,000), which would perform at onc(? multiplications of 
five figures by five figures (^Ir. Laundy's table is oidy directly iivailalde 
when the sum of the numbers to be miilliplical is also of live figures), Tho 
late General Shortrede constructed sueh a table, we believe, in India, but 
unfortunately abandoned the idea of publishing it on his return to England, 
where be found so much of the held already covered by Lanndy’s tables. 
De Morgan, writing when it was anticipated that Sliort rede's table would 
published, suggc.sted that it would be convenient that the sec orul lialf should 
appear first ; and we should much like to sec the publication of a quarter- 
square table of the numbers from ]00,0u0 to 200,000. 

Mr. Laxtxby, in the preface to bis ‘Talilc of (Quarter Squares’ (p. \i), says 
that Galbraith, in his ‘General Tables,’ 2nd edit. 1836, which were intended 
as a supplement to the second edition of his ‘ Mathematical and Astronomical 
Tables,’ gives a taide (T. xxxiv.) of cpiartcr squares of numbers from 1 to 
3149. This book is neither in the British Museum nor the (/ambridge Uni- 
versity Library. The second edition of his ‘ Mathematical and Astronomical 
Tables’ (1834) contains no such table. There is, however, no doul)i about 
the existence of the work, as the liabbage Catalogue contains the titles 
“ Galbraith, AY., IN^cw and concise General Tables for computing the Obli<iuily 
of the Ecliptic, &c. Edinburgh, 1836.” 

In 1854, Prof. S 3 lvcstcr having seen a paper in Gergonne in which the 
method was referred to, and not being aware that tables of ejuarter squares 
for facilitating multiplications had been published, suggested the calculation 
of such tables, in two papers — “ Ifote on a Formula by aid of which, and of a 
tabic of single entry, the continued product of any set of numbers . . . may bo 
effected by additions and subtractions only without the use of Logarithms ” 
(Philosophical Magazine, S. 4. vol. vii. p. 430), and ‘‘On Multiplication by 
aid of a Table of Hingle Entr)^ ” (Assurance Magazine, vol. iv. p. 236). Both 
these papers were probably written together ; but there is added to the former 
a postscript, in which reference is made to Yoisix and Shortrede’s manuscript. 
Prof. Sylvester gives a generalization of the formula for ah as the difference 
of two squares, in which tho pr6cliiot a^a.^ ... On is expressed as tho sum of 
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nth powers of connected by additive or subtractive signs. For 

the product of three quantities the formula is 

« = ^ { (re + & -f e/ — (a + 6 — - — (c + a — 6)^ — ( & -f c — a/ } . 

And at the end of the ^ Philosophical-Magazine ’ paper, Prof. Sylvester has 
added some remarks on how a table to give triijle products should bo 
arranged. 

At the end of a memoir, Sur divers points d’ Analyse,’’ Laplace has given 
a section “Sur la Keduction dcs Fonctions en Tables” (Journal de I’Ecolo 
Polytcchnique, Cah. xv. t. viii. pp. 258-265, 1809), in which he has biietly 
discussed the question of multiplication by a table of single entry. His 
analysis leads him to the method of logarithms, quarter squares, and also to the 
formula sin a sin ^ { cos (« — h) — cos (a + />)}, by which multiplication can 
])e performed by means of a tabic of sines and cosines. On this he remarks, 
“ Cette maiiierc ingebiicuse de fairc servir des tables do sinus a la multiplication 
des nombres, fut imaginee ct employee un siecle environ avaiit I’invcntion 
des logarithmes.” 

It is Avorth notice that the quarter-square formula is deduced at once from 
sin a bin cos (u — ?>)-- cos (a + ?>)}, by expanding the trigonometrical func- 
tions and equating the terms of two dimensions ; similarly from sin a sin h 
sin c = .j Jsin (r(-j-r— />) -j-sin {a q- ?>—(•) -f- sin(6-f c— a) — sin (a-{-h -f c)}, by 
e(}uating the terms of three dimensions, obtain + &c. 

as written dow above, and so on, the general law being easily seen. We 
may rc'mark that there is an important distinction between the trigonometrical 
formuhe and the algebraical deductions from them, viz. tliat by the latter to 
multiply two factors Ave require a table of squares, to multiply three a table 
of cubes, and so on ; i. e, each different number of factors requires a sepa- 
rate table; while one and the same table of sines and cosines Avill serve to 
multij)ly any number of factors. This latter property is shared by tables of 
logarithms of numbers, the use of Avhich is of course in every Avay preferable ; 
still it is interesting to note the inferiority that theoretically attaches to the 
algebraical coini)ared A^ ith the trigonometrical formulae. Other remarks on tho 
buhject of multiplication by tables are to be found in § 3, art. 1. 

It is almost unnecessary to remark that a table of squares may bo used 
instead of one of quarter squares if the semisum and semidifFerence of tho 
numbers to be multiplied bo taken as factors. Tables of s(j[uarcs and cubes 
are described in the next section. 

^ Voisin, 1817. Quarter squares of numbers from unity to 20,000. We 
have taken tho title from the introduction to Mr. Lavndy’s ‘ Quarter Squares’ 
(1856). He Morgan also so describes the work. We ha\'o seen no copy; but 
there is one in the Graves Library, although we were unable to find it : it 
Avill be described from inspection in the supplement to this Ileport. 

Leslie, 1820. On pp. 249-256 there is a table of quarter squares of 
numbers from 1 to 2000, reprinted from Yoisin, 1817, Avhosc Avork Leslie 
met with at Paris in 1819. There is also given, facing p. 208, a large folding 
sheet, containing an enlarged multiplication table, exhibiting products from 
11 X 11 to 99 X 99, the table being of triangular form. There are also, on 
the same sheet, tAVo smaller tables, the first giving squares, cubes, square 
roots (to seven places), cube roots (to six places), and reciprocals (to seven 
places) of numbers from 1 to 100, and the second being a small multiplication 
table from 2 x 2 to 25 x 25. In tho first edition (181 7, pp. 240) the quarter- 
square table does not appear ; and iu tho folding sheet (which follows the 
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preface) the smaller multi] )lication table is not added ; squares and cubes only 
are given in the other small table. 

Centnerschwer^ lS2o. [T. I.] A table of quarter squares to 20,000 ; viz. 

is tabulated from .v=l to .v= 20,000, the fraction 'which occurs 'when 

.r is odd, being omitted. The last two figures of the quarter square, which 
only depend on the last two figures of the number, arc given once for all 
on two slips bound up to face i>p. 2 & 41. 

Full rules are given as to how to use the table as a table of squares ; and 
three small tables are added, by means of which tlic square of any numbiT 
of Jive Ji(/iires can be found tolerably easily. The aiguments are printed 
in red. 

[T. II.] Square roots of numbers from 1 to inOO to six places. 

There is a long and full introduction prefixed. 

In liis preface Centncrschwer states that after his work was in the press, 
lie received from Crcllc a table, by J. A. Ik Ihirger, entitled Tafeln zur 
Erleichterung in Eechnungen,’' Karlsruhe, 1817, in '\\hich the author claims 
to be inventor of the method, while Centncrschwer states it was known to 
Lxjdolf (1690), and oven Euclid. That Ludolf was the inventor of the 
method is true ; and there is attached to his work a table of squares to 
100,000 (sec Ludolf, § 3, art. 4). 

The full title of Biirger s work, which we have not been successful in ob- 
taining a sight of, is (after Eogg) as follows : — “ Tafeln zur Erleichterung in 
Itcchnungen fur den allgemeincn Gebraiich eingerichtet. Deren aiisserst eiii- 
fach gegebene llegeln, nach welchcn man das Product zweier Zahlen ohne Mul- 
tiplication fiuden, auch sic sehr vortheilhafl bei Ausziehung dor Quadrat- und 
Cubic wurzel anwenden kann, sich auf den binomischen Lehrsatz gr unden. 
Kebst Anhang iibcr meine im vorigen Jahr crschienene Paralleltheorie. 
Carlsruhe, 1817. 4to.’’ The book last referred to was entitled “ VolEtiindige 
Theorie der Parallellinien &c. Carlsruhe, 1817; 2nd edit. 1821,” as given 
by Hogg under FAimcniar-Geiimeine, 

Merpaut, 1832. The lyremfire i^rUe gives the arithnome (/. e. quarter 
square) of all numbers from 1 to 4U,000, so arranged that the first three 
figures of the argument arc sought at the liead of the table, the fourth figure 
at the head of one of the vertical columns, in which, in the line with the final 
(fifth) figure in the left-hand column, is given the quarter square required. 
The quarter squares are printed in groups of three figures, the second group 
being under the first, «S:c. A specimen of this table is given by Laundt 
(1856, p. v of his Introduction). 

The deuxieme imriie gives the reciprocals of all numbers from 1 to 16, (^<‘0 
to nine figures. 

The author seems not to have been aware of the existence of any of the 
previous works on the subject of quarter squares. 

Itaundy^ 1856. Quarter squares of all numbers from iinity to 100,000, 
the fraction |, which occurs when the number is odd, being, as usual, omitted. 
The arrangement is as in a seven-figure logarithm table ; viz. the first four 
figures are found in the left-hand column, and the fifth in the top row ; the 
three or four figures common to the block of figures arc also separated as in 
logarithmic tables, and the change in the fourth or fifth figure is denoted by 
an asterisk prefixed to all the quarter squares aficctcd : at the extreme left 
of each page is a column of corresponding degrees, minutes, and seconds 
(thus, corresponding to 43510 wo have 12° 5' 10 " = 43510"). At the bottom 
of the page arc differences (conti^acted by the omission of the last two figures) 
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and proportional parts. The figures are very clear; and there is a full intro- 
duction, with explanations of the use, &c. of the tables. 

!Mr. Laundy was induced to construct his table by Prof. Sylvester’s paper 
ill vol. iv. of the ‘Assurance Magazine,’ referred to above; and a description 
of the mode of construction &c. of the table (most of which is also incor- 
porated in the introduction to it) is given in vol. vi. of the ‘ Assurance 
Magazine.’ 

Art. 4. Tables of Squares, Cubes, Square roots, and Cube roots. 

Tables of squares (or square roots of square numbers) are of nearly as 
great antiquity as multiplication tables, and would, we think, be found to be 
rather common in early manuscripts on arithmetic. They are, as a rule, but 
slightly noticed in histories of the subject (see references in § art. 1 ), partly 
because the latter are very meagre, and very man)" manuscripts remain still 
unexamined, and partly becjiusc it is rather the province of a history to de- 
scribe the improvement of processes. The perfection of the methods of ex- 
tracting the square root of numbers not comidete squares, however, occupies 
a cons])icuous place. 

In the MSS. Gg. ii. 33 of the Cambridge University Library, arc two frag^ 
men ts, one of Theodorus Melctiniotes,the second of Isaac xVrgyrus (both much of 
the same date, time of John Palacologus, 1300) (concerning the first, see Fin- 
Cf Jit, Manuscrit de la Bibliotheque Imperiale, xix. pt. 2. p. 6). The fragment 
is a jiortion of the first book, and contains rules and small tables for multi- 
plication, fractional computation <S:e. 

The tract of Isaac Argyrus is entitled “ rov 'Apyupov evpeais rwy rerpayw- 
rtKwv TrXevpujy nor pi) prjru)!' upiHpuiyT 

At the end there is a table of the square roots of all integral numbers from 
1 to 120, in sexagesimal notation. The table is prepared as if for three 
])laccs of sexagesimals ; but usually two only are perfect. Errors (probably 
due to the copyist) arc frequent. Before the table is a description of the 
method of its use, including an explanation of the method of proportional 
parts. 

l)e Morgan speaks of two early (printed) tables in Pacioli’s ‘ Summa,’ 
1494, and by Cosmo Bartoli, 15G4, extending respectively to the squares of 
100 and GGl. The tables which we have examined are described below; but 
there are several of some extent, which De Morgan refers to, that wo have not 
seen, viz. : — Guldinus, 1G35, squares and cubes to those of 10,000 ; W. Hunt, 
1G87, squares to that of 10,000; and J. P. Buchners ‘Tabula liadicum,’ 
Nuremberg, 1701, which gives squares and cubes up to that of 12,000 (full 
title given in Hogg). Lambert (Introd. ad Suppl. tkc. 1798) says that 
Biichner's table is “ plena errorum.” Hogg gives the title “ Bobert, W., 
Tafeln der Quadratzahlen allcr naturlichen Zahlen von 1-25,200 ; der Kubik- 
zahlen von 1-1200; der Quadrat- u.Cubicwurzeln von 1-1000. Neu berechnet, 
Leipzig, 1812 ;” and the title occurs in the Hoy. Soc. Lib. Cat. (though the 
book is not to be found in the Library). De Morgan mentions “ Schiert, 
‘Tafeln,’ &c. Hohn om Hheim, 1827,” as giving squares to 10,000, which is 
no doubt a misprint for “ Sehiereck, J. Tafeln aller Quadrate von 1 bis 
10,000. 4to. Xdln am Hhein, 1827,” which occurs in the Babhage Catalogue, 
and also in Hogg. Prom the title of another work of Schiereck’s given in 
the former catalogue, it appears that the table of squares also appeared as an 
appendix to his ‘ llandbuch fiir Geometer,’ published in the same year. 

De Morgan speaks of Lubolf’s ‘ Tetragonometria,’ 1690, which gives 
squares up to that of 100,000, “ as being the largest in existence, and very 
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little known.” This is true ; but Kulik, 1848, is of the same extent, and 
also gives cubes up to that of 100,000, thus giving the largest table of squares, 
and by far the largest table of cubes in the same work, and in a compact and 
convenient form : of this work also it may be said that it is very little known. 

Hutton, 1781 (§ 4), gives squares to that of 25,4i)0, and cubes to that of 
10,000 ; but for most purposes Harlow (stereo. 1840), which gives squares, 
cubes, and square roots and cube roots (and reciprocals) of numbers ‘to 1 000, 
and is very accurate, is the best. We have not seen any square-root or cube- 
root table of greater extent. 

Extensive tables of quarter squares have been i)ublisbed, which are de- 
scribed in § 3, art, 3 ; and some tables of squares, as Fa A nn Hituxo, Avere 
constructed with the view of being used in ai)plying the method of least 
squares. 

It is scarcely necessary to remark that logarithms find one of tlie most 
valuable applications in the extraction of roots. AliiUijdications tke. can be 
performed generally without their aid with a little more trouble ; for tinding 
square and cube roots they are extremely useful ; but for the extraction of 
higher roots there exists no other method admitting of convenient application. 

Magnus, 1592. The ‘Tabula Tetragonica ' is introduced by the words 
“ sequitur tabula numerorum quadratorum cum suis radicibus nunc jirimum 
ab auctore suppiitata, ac in lueem mdita,’’ and occii})ies leaves 41-(>'t. It 
gives the squares of all numbers from 1 to 10(^100. We have seem the 
‘ Tabula Tetragonica ' quoted as an independent work ; and l)e organ says 
that it was published separately, with headings and cx])lanations in Italian 
instead of Latin. In the copy before us Tavola is misprinted for Tahvlu on 
pp. 41 and 43 back (only the leaves are numbered). 

The work contains sines, tangents, and secants also. 

Magini was, we suppose, the vernacular name of the author, and Maginus 
the same Latinized. We have somewhere seen Magini and Maginus spoken 
of as if they were different persons. 

AlstediuS; 1 (349. In part 3. pp. 254-200, Alsted gives a table of squares 
and cubes of numbers from I to 1(^U0. Alsted s is the first Fyclopcedia, in 
the sense that Ave now understand the word. 

[Moore, Sir Jonas, 1050?] Squares and cubes of numbers from I to 
1000, fourth powers from 1 to 300, hftli and sixth poAvers from 1 to 20(). 

In the book before us (Brit. Mus.) tbis tract (Avhich lias a separate pagina- 
tion) is bound up at the end, after ^loore's ‘Arithmetick (and Algebra), 
Contemplationes Geometricae, and Conical Sections.’ Be Morgan says that 
power tables, exactly the same as these, AATro given in Jonas Moore s ‘ Arith- 
metic ’ of 1650, and reprinted in the edition of 1660 ; so that probably the 
tract noticed here usually formed part of the ‘Arithraetick.’ 

[PeU], 1672. Squares of numbers from 1 to 10,000 (jip. 29). This is 
followed by the 6 one-figure endings, the 22 two-hgurc endings, the 159 
three-figure endings, and the 1044 four-figure endings, which square numbers 
admit of. They are given at length, and also in a synoptical form. The last 
page in the Roy. Soc. copy is signed John Pell. (In the Royal Society’s li- 
brary Catalogue this table is entered under Fell, the signature at the end in 
the Society’s copy having been struck out so as to render the first letter 
uncertain.) 

In the Brit. Mus. is a copy without any name (so that perhaps Pell’s name 
was supplied in the Roy. Soc, copy only in manuscri})t). ‘ Dr. PclFs Tables/ 
however, is written in it, and no doubt can exist about its authorship, 
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Liudolf^ 1690. Squares of all numbers from unity to 100,000, arranged 
in columns, so that the first three or four figures of the root are to be found at 
the top of the column, while the final ones are given in the left-hand column of 
the page. The table is wcU printed and clear, and, except Kttlik, 1848, 
which is of the same extent, is the largest table of squares that has been 
pxiblishcd, and occupies about 420 pages. Some errata in it are given at 
the end of the introduction (150 pp. in length), in which all possible uses 
of the table are explained. 

Lvmbeht (Introd. ad Supplementa, 1798) speaks of the numbers in the 
table as satis accurati.” In chapter v. (pp. 48-86) (‘ De Tabulamm usu 
sen Praxi circa !Miiltiplicationem et Divisionera ’) the use of the table as one 
of quarter squares (see § 3, art. 3) is fully explained ; as squares are given 
in the table, the sum and difference have to be divided by 2. Eules and 
examples are also added as to how to proceed when the semisum exceeds the 
limits of the table by any amount ; and the processes &c. are explained with 
such fulness as to prove that all the credit of first perceiving the utility of 
tlie method and calculating the necessary table is due to Ludolf. 

The work is said to be very scarce ; but we have seen several copies ; there 
is one in the Library of Trinity College, Cambridge, and another in the 
Graves Library. 

Heilbronner (under HkPwWatit ab IIoiienburg) mentions Ludolf (Hist. Math. 
]). 827), and (referring doubtless to the method of quarter squares) says that 
he invented a method of performing multiidications and divisions without the 
Pylhagora'an abacus, “ qine prolixe ab lllustr. AVolfio in seinen Anfangs- 
Griinden et suis Elementis Matheseos exponitur.” 

Seguiu, 1 786. At the end of the book is given a table of the squares and 
cubes of numbers from unity to 10,000. The figures have heads and tails, 
and are very clear. He ]M organ slates that the table was reprinted at about 
the beginning of the centun% and that it was this table which convinced him 
of the superiority of the numerals with heads and tails, and led him in the 
reprint of Lalandes table, 1839, to adopt this figure — an cxam^fic which has 
since Ix'cn very fre(]uently followed. 

As Do ^lorgan does not appear to have seen it, it is 2 '^ossil)U that the ori- 
ginal table was not re])rint(‘d, but only published separately, as the figures in 
the table attached to Seguin answer He Morgan’s description very well. 

Barlow’s tables (the stereotyped edition of 1840). Squares, cubes, square 
roots, cube roots, and reciprocals to 1(>,000. The square roots and cube roots 
arc to seven places, and the reciprocals to seven significant figures, viz. nine 
places to lOOO, and above this ten. The work is a reprint of the more im- 
portant tables in Barlow, 1814 (described in §4); it was suggested by Do 
Morgan, who wrote the preface (2 pp.), and edited by Mr. Earley, of the 
Kautical-Almainic Office, who also examined carefully Barlow’s tables. A 
list of ninety errors found in the latter is given on the page following the 
preface. This reprint is, we believe, very nearly, if not quite, free from 
error ; it is clearly printed and much used. We have also an edition, 1866, 
from the plates of 1840. 

Kuliky 1848. The principal table occupies pp. 1-401, and gives the 
squares and cubes of all numbers 1 to 100,000. There is a compression 
resembling that in Crklle's ‘ Ilcchentafeln viz. the last four figures of the 
square and cube arc printed but once in each line, these figures being the 
same for all squares and* cubes in the same line across the double page. The 
arrangement will be rendered clear by the description of a page — say, that 
corresponding to 92. There are ten columns headed 92, 192, 292. . , ,992, 
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cacli containing two vertical rows of numbers, the one corresponding to 
and the other to ; tlie lines arc numbered 0, 1, 2. . . .49 (and on the next 
double page 50 ... . 99). If, tlien, we wish to find tlic cube of 79217, we take 
the figures 4971130(3131 from column 792, line 17, and add the last four 
figures 1313 (which conclude the cube of 9217 in the same line); so that 
the cube required is 4971130G131 1313. Certain figures, common to the 
whole or part of a column, are printed at the top, and the change in tlie 
column is denoted by an asterisk. This is the largest table of cu]>es in ex- 
istence, and (except LrnoLF, uhich is of the same extent) is also tlie largest 
table of squares. The printing is clear, and the book not bulky ; so that, the 
table can be readily used. At the end arc eleven sub>idiary tables. T. 1 
i^Perioden (jemder iSammendt’)}) consists of columns marked 4, (», S . . . .48 at 
the top, and 9G,94....52 at the bottom, each containing the conipleto 
period’’ of the number in (juestion ; thus for 42 we have 42, 84, 2(5, OS, 10, 
&c. (these numbers being the last two tigures of a series of terms in arith- 
metical progression, 42 being the common difFerenc(') ; and these are given 
till the period is completed, /. c. till 42 occurs again. This may be at the end 
of 25 or 50 additions ; if the former, the ])eriods are given commencing 
with 3, 2, 3 (as well as 0) ; if the latter, with 1 or 2 only, as the case nmy 
be; the periods for .r and 1(K> — .r are of course the same, only in reverse 
order. The use of the table as a means of verifying the table of 8<]uares 
is obvious. 

T. 2. Primes which arc the sum of two squares (tlu'se lieing giviai also) 
up to 10,529. 

T. 3. Odd numbers which are the difference of two cubes (these being 
given also) to 12,097. 

T. 4. Odd numbers which arc the sum of two cubes (these being given also) 
to 18,907. 

T. 5-9. Pour-figure additive and subtractive congruent endings for numbers 
ending in 3 and 7, or 1 and 9, Ac. : the more detailed description of these 
tables belongs to the theoiy of numbers, which will form a part of a subse- 
quent lleport. 

T. 10. The 1044 four-figure endings for squares, and the figures in which 
the corresponding numbers must end. 

T. 11. Pirst hundred multiples of tt and 7r“^ to twelve ])laccs. There is 
appended to the tables a very full description of their object and use. 

BnmOy Faa de, 18(j9. T. 1. of this work (])]>. 28) contains squares of 
numbers from O-OOO to 12-000, at intervals of '0(>] to four places (storco- 
typed), intended for use in connexion with the method of least, squares. 

The following are references to § 4 : — 

Tables of Squares and Cubes, or both Squares and Cid>es, — Schulze, 1778 
[T. IX.] and [T. X.] ; Hutton, 1781 [T* 1 aiid [T. III.] ; Yega, 1797, 

Vol. II. T. IV.; Lambert, 1798, T. XXXV. and XXXVI. ; Paklow, 1814, 
T. I.; Schmidt, 1821 [T. V.] (with subsidiary tables); IIantschl, 1827, 
T. VIII. ; ^Salomon, 1827, T.' I. ; Gruson, 1832, T. II. and HI. ; HUlsse’s 
Vega, 1840, T. IX. C. ; Trotter, 1841 [T. VI.]; Muller, 1844 [T. IIT.|; 
Minrinoer, 1845 [T. II.]; Kohler, 1848, T. V. and VI.; Willich, 1853, 
T. XXI.; Peardmore, 18(32, T. 35; Kankine, 180(3, T. I. and II.; 
Wackerbarth, 1807, T. VI.; Parkiiurst, 1871, T. XXVI. and XXXIL, 
and XXXIV. (multiples of squares); Peters, 1871 [T. VI.]. See also 
Taylor, 1780 [T. IV.J (§ 3, art. 9). 

Tables of Square Hoots and Cube Hoots. — Dodson, 1 7 47, T. XIX. ; 
Schulze, 1778 [T. XI.] and [T, XII.]; Maberes, 1705 (two tables); 
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Vega, 1797, Vol. 11. T. IV.; IIantschl, 1<S27, T. VlII. ; ^Salomon, 1827, 
T. I. ; GiiLsoNji 1832, T. IV. and V. ; Hulsse’s Vega, 1840, T. VIII. ; 
Tiiottee, 1841 [T. VI.] ; Minsinger, 1845 [T. II.] ; Kohler, 1848, T. VII. ; 
AViLLTcn, 1853, T. XXI. ; Beardjiore, 18G2, T. 35 ; ^ScnLoMiLcn [1865?] ; 
llvNKiNE, 1866, T. I. A ; WACKKRTiARTir, 1867, T. VTI. See also (Jentner- 
scnwER, 1825 [T. II.] (§ 3), arl,. 3). And for Squares (for method of least 
squares), Muller, 1844 [T. 111.]. 

Endings of Sqiuires, — (Throc-hgurc endings') Lambert, 1798, T. IV. 

Art. 5. Tables of Powers higher than Cubes. 

AVe know of no work containing ])owcrs of numbers (except squares and 
cubes) only. Loth Hutton, 1781, and Larloav, 1814, give the first ten 
jKnvers of the first hundred numbers ; but we have seen no more extensive 
table of this kind. Sn vnks (§ 4) gives every twelfth power of 2 as far as 2'-* ; 
and, according to He Morgan, John HilFs ‘Arithmetic,’ 1745, has all powers 
of 2 uj) to 2‘‘b Tables of compound interest are, in fact, merely power tables, 

as the amount of LAI at the end of n years at r ])er cent, is M| 1 4- -1_ \ . In 

^ \ lot)/ 

interest tables r has usually values from 1 to 8 or 10 at intervals of ^ $ 

for diflerent ])eriods of years ; but they could not be of much use, except for 
the purjiose for u liich they are calculated. 

A good table of powers is still a desideratum, as the need for it is often 
felt in mathematical calculations. Very many functions are expansible in an 
ascending (convergent) series of the form A^,-f A^.r-f A^.r^4- Ac., and a de- 
scending series (generally semiconvergent ) of the form IL.u“^-f- 

Ac. The former is usually very convenient for calculation when w is small, 
and the latter when .r is large ; but between the two, for values of x included 
between certain limits above unity, there will be an interval where neither 
seri(‘s is suitable — the ascending series because the terms .?*, .r%. . . . (.r >1) 
increase so fast that n must be taken very large (/. e. very many terms must 
be included) before A„ is so small that can be neglected, and the de- 
scending scries because it begins to diverge before ii has yielded as many 
decimals as arc required. Por these intermediate values the former series 
(if there is no continued fraction available) must be used ; and then the terms 
begin by increasing, often so rapidly, if .r bo moderately large, that it may bo 
necessary to calculate some of them to fifteen or twenty figures to obtain a 
correct value for the function to only seven or eight decimals. In these 
cases, so long as ten figures only are wanted, logarithms are employed ; but 
Avlicn more are required recourse must be had to simjde arithmetic ; and it is 
then that a power table is so much needed. Mr. J. W. L. Glaisher has had 
formed in duplicate a table giving the first twelve powers of the first thousand 
numbers, which, after the calculation has been made indopendently a third 
time, Avill be stereotyped and published, probably in the course of 1873 ; it is 
hoped tliat it will help to make the tabulation of mathematical functions 
somewhat less laborious and difficult. 

The following tables on the subject of this article are described in § 4 : — 

Tables of Powers higher than Cubes. — Hodson, 1747, T. XXI. (powers of 2) 
and T. XXII.; Schulze, 1778 [T. VIII.] ; Hutton, ] 781 [T. IV.] ; Vega, 
1797, Vol. II. T. II. (powers of 2, 3, and 5); Vjx;a, 1797, Vol. II. T. IV.; 
Lambert, 1798, T. VII.-IX. (powers of 2, 3, and 5) and T. XL.; Barloav, 
1814, T. II. and III. ; Hulsse’s Vega, 1840, T. VI. (powers of 2, 3, 5) 
and T. IX. A, B, 1), E ; Kohler, 1848, T. II. (powers of 2, 3, and 5) and 
T. IV, ; Shanks, 1853 (powers of 2 to 2^"'^) ; Beardmore, 1862, T, 35 \ 
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IIankine, 1866, T. 2. See also Sir Jonas Moore [1650?], § 3, art. 4; 
Taylor, 1781 [T. lY.] (§ 3, art. 9). 

Tables for the solution of Cubic Equations, viz. — Lambert, 1798, 

T. XXIX. ; Barlow, 1814, T. IV. 

Art. 6. Tables for the expression of vulgar fractions as decimals. 

The only separate tables we have seen are WrciiEREii and Goodwyn’s 
works described at length below. The Babbage Catalogue contains the title 
of an auonyraoiis book, Tafeln zur Yerwandlung aller Briiche von bis 
imd von bis xo\ftMro Linf- bis siobenziffnge Deciinalbniche, 

4to, Oldenburg, 1842,” of which De Morgan says ‘‘it gives every fraction 
less than unity whose denominator does not exceed three figures, nor its nu- 
merator two, to seven places of decimals. It is arranged by nunnu'ators ; 
that is, all fractions of one numerator arc upon one double ])age.” Recipro- 
cals would properlv be included in this article ; but from their more fre(jucnt 
Tise they have been placed in an article by themselves (§ 3, art. 7) ; Picarte's 
table in that article gives multiples of reciprocals. 

We must especially mention the “ Tafel ziir Yerwandlung gemcima* 
Briiche mit Nennern aus dem ersten Tausend in Decimalbruche,” which 
occupies pp. 412-434 of vol. ii. of * Carl Friedrich Gauss Werkc,* GdttingcMi, 
4to, 1863, aiKWhich somewhat resembles (ioodwyn's tables described ludow. 
In it, among other things, the reciprocal of cveiy ])riine less than lUOO is 
given completehf (i, e. till the figures circulate). Had we met with the table 
earlier we should have given a full description ; ])ut we merely confine our- 
selves here to giving the reference, reserving a more detailed explanation for 
a future Report. 

Wucherer, 1706. The decimal fractions (to five places) for all vulgar 
fractions, whose numerators and denominators arc both less than 50 and 
prime to one another, arranged according to denominators ; so that all 
having the same denominator arc given together: thus tlu' order is. . . .-jV, 
y'y, . . . . tlic arguTnciits being only given in their lowest 

terms. After .the system is changed, and the decimals are given for 
vulgar fractions whose numerators are less than i I only ; thus we have 
7fu> • • -li}’ ZT' • • - consecutive arguments ( the arguments not being 
necessarily in their lowest terms) ^ and the denominators i)roceed from 50 to 
999. 

[T. II.]. Sexageshnal-jBrurhCy viz. sexagesimal multijdicatioii table to GO 
X 60 ; thus, as 5 X 20" = 145" = 2' 25", the table gives 2.25 as the tabular 
result for the joint-entry 5 and 29. There are seven other tables (ll.-YI J I.) 
for the conversion of money into decimals of other money, for the coins of 
different countries ; the English table will serve as an examjde. Ilicrc are 
given ns arguments -Iflr (’• 3r/., c^c.), and as 

tabular results the corresponding decimal fraction to t('n jdaces (/. e. of £1), 
and also the shillings and pence ; thus for there are given *3041 6GGGG6, 
and G.?. \d. 

The lleichs-Oeld and Pfennig table is practically the same ; the denomi- 
nators are in all cases 240, or 960, or submultiples of the latter. Regarded ma- 
thematically the English table gives nearly as much as all the rest, as for 
denominators above 240 only a few numerators arc taken. There arc also tables 
of interest, present value, <fcc., to a great many places. The value of tt is given 
on the last page to 306 playes ; thus, if the diameter = 10000.. . .(30G 
pipUers), then t « 31415 (307 figures), the ciphers and figures being written 
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at lengtli — a curious mode of statement at the end of a hook occupied with 
decimal fractions. 

Goodw 3 nQt ’8 Tables^ 1816-1823. It is convenient to describe Good- 
wyn’s four works (the titles of which arc given at length in § 5) together, as 
they all relate to the same subject. 

The Tabular Series of Decimal Quotients (1823) forms a handsome table of 
1 53 ])ages, and gives to eight places the decimal corresponding to every vulgar 
fraction less than whose numerator and denominator are both not greater 
than 1 OOO. The arguments are not arranged according to their numerators or 
denominators, but according to tluar magnitude, so that the tabular results 
exhibit a steady increase from *001 (= *00989903 (= The 

author intended the table to include all fractions wh(jsc numerators and deno- 
minators were both less than 1000 without restriction ; and at the end of the 
book is printed End of Part I. ; ” but no more was ever published. 

The arrangement of the arguments in order of magnitude is not very good, 
as it re(]uires the lirst two liguresof the decimal to be known in order to know 
wluTc to look for it in the table ; the table would be more useful if it were re- 
(juired to had a vulgar fraction (with not more than three figures in numerator 
or denominator) nearly equal to a given decimal^'; but this is not a trans- 
formation that is often wanted. When the decimal circulates and its period 
is com})leted within the first eight figures, points arc placed over the first and 
last figures of the ])eriod, if not, of course only over the first ; and by means 
of the same author s table of ‘ Circles ’ described below, the period can be 
easily completed, and the whole decimal fraction found. The fractions which 
form the arguments are given in their lowest terms. 

The Table of Clrchs (1823) gives all the periods of the circulating decimals 
that can arise from the division of any integer by another integer less than 
1024. Thus for 13 we find *676923 and *153846, which are the only periods 

ill which the fraction i can circulate. 

J c) 

The periods for denominator 2'* 5'“ x are evidently the same as those for 
denominator ,r; and arguments of this form arc therefore omitted ; but a table is 
given at the end (pp. 110 and 111), showing whether for any denominator less 
than 102*1 the decimal ( 1 ) terminates, and is therefore not included in the table, 
(2) is in the table as it stands, or (3) is in the table but has to bo sought 
under a different argument (these last being numbers of the form 2^ 5"^ x), 
A third table (p. 112) also gives the number of places after the sejparatruv 
(decimal point) at which the jieriod commences. 

The principal table occupies 107 pp. Some of the numbers are very long, 
(e. (/,y for 1021 there are 1020 figures in the period), and are -printed in lines of 
different lengths, giving a very odd appearance to many of the pagesf. 

A table at the end contains all numbers of the form 2« 5”^ that are less than 

* It is proper to note, however, that the table was no doubt calculated for this purpose ; 
the autlior eonsirlercd liis ‘Table of Circlos ’ as giving decimals to vulgar fractions, and in- 
tended this table to give vulgar fractions to decimals (see the introduction to the second 
part of the ‘Centenary’ ]81()); the ‘ Tabular Series ’ (1810) iseoinplementary to the ‘ Cen- 
tenary but not so the ‘ Tabular Series’ (1823) to the ‘ Table of Circles ’ (1823), as the 
latter only gives the periods. 

t If the period of a decimal consists of an even number of figures, it is well known 
that the figures in ilie last half arc the compliments to nine of the figures in the first 
lialf ; and ilie periods have been printed so that the complementary figures should be under 
one another. When the period is odd, there is always another period of eoinplementary 
figures, and the two are printed one under tlie other ; these facts account for what at first 
Bight appears a capricious arrangement of the figures. 
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1,000,000, arranged in order of magnitude, with the values of n and ni, and also 
the values of the reciprocals of the numbers (expressed as decimals) and the 
total number of the proper vulgar fractions in their lowest terms which can 
arise for any of the arguments as denominator. An example of the use of 
the tables is given at the end of the book. 

The First Centenary [TSIOJ contains the factors of all numbers to 100, 
and the complete periods of their reciprocals or multiples of their reciprocals, 
also the first six figures of every decimal fraction equivalent to a vulgar frac- 
tion whose denominator is equal to the argument. The following is a sj)c- 
cimen of one of the tables : 
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•7058S235 

29411704 
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j -970588 

1 

31 

I -911764 

3 

29 

1 -852941 

: 5 

27 

i -794117 

7 

25 

i -735294 

9 

i 23 

-676170 

11 

21 

! -617647 

13 

i 

i -558823 

1 

15 


The explanation is very simple: we have = -OTOoSS, and the other 
figures of the period are 23529411704 ; f j = *91 1 704, and the other figure's 
are 70588235294, &c. If the numerator is in the third column we take the 
complement of the result (t. c. subtract each figure from 9) : thus = 
•029411, and the other figures of the period are 704705SS235*. The even 
numbers are omitted, as the fractions are not in their lowest terms ; thus 
= and must be sought under argument 17. [This table was jiublished 
separately by Goodwyii for private circulation. There is no date on the title- 
page but the address is written from Illackheath, and dated Id arch 5, ] 81 0.] 
There is added d tabular series of complete decimal quotients of fractions 
whose numerator is not greater than 50 and denominater not greater than 
100 (the heading of the table incorrectly says, neither numerator nor de- 
nominator greater than 100 arranged as in the ‘ Tabular Scries’ Ac., 1823 ; 
it is followed by an auxiliary table for completing such quotients as consist 
of too many places to allow all the digits of their periods to appear in the 
principal table. There is an appendix on Circulates Ac. The ‘ Tabular Series’ 
(1816 and 1823) are interesting as exhibiting in the order of magnitude all 
fractions whose numerators and denominators are both less than 1 00 up to 
and whose numerators and denominators are both less than 1000 up to ! 
In the preface to the latter table the author gives as a fact he has observed, that 

♦ It is by no means improbable that the titlepagc has been torn out from the only copy 
ire bare Been, viz. that in the Royal Society’s Library. * 
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In any three consecutive vulgar fractions in the table, if the numerators of 
the extremes and the denominators be added together, the sum will form the 
numerator and denominator of a fraction equal to the mean/’ That this is 
the case with all fractions, ranged in order, whose numerators and denomi- 
nators are integers less than given integers, is a theorem discovered by Cauchy 
and published by him in his ‘ Exercices.’ 

It has been thought worth while to describe Goodwyn^s works at some 
length, as they are almost unique of their kind, and are rarely to bo met 
with. 

Do Morgan states that Mr. Goodwyn’s manuscripts, an enormous mass 
of similar calculations, came into tlie possession of Dr. Olinthiis Gregory, 
and were purchased by the Boyal Society at the sale of his books in 1842.'^ 
There is no mention of them, however, in the Iloyal Society’s Catalogue of 
MSS. ; and nothing is known of them at the Societ}^ They may possibly be 
brouglit to light in the rearrangement of the manuscripts consequent upon the 
approaching change of rooms. 

Art. 7. Tables of vocals. 

The most extensive table is 

Oakes, 1865. Ileciprocals from 1 to 1 00,000. This tsiblo gives seven figures 
of the reciprocal, and is arranged as in tables of seven -ligure logarithms ; viz. 
the first four figures are found in the column at the left-hand side of (lie page, 
the fifth figures run along the top lino, and the sixth and seventli arc inter- 
polated for b}’ proportional parts. The reciprocal of a number of five figures 
is tluTofore taken out at once, and the process of taking out a reciprocal is 
exactly similar to that of taking out a logarithm. 

Prom 10,000 to 22,500 the differences and proportional parts (being 
numerous) are placed on the lower half of the page, the differences being 
also placed at the side of each line ; but above 22,500 the differences and 
proportional parts arc placed at the side of the page as in tables of logarithms. 
The figures have heads and tails ; and the change in the third figure of the 
reciprocal is made evident by prefixing an asterisk to the succeeding numbers 
in the line. The table is the result of an original calculation, and was con- 
structed by means of the obvious tlieorcm that the difference of two recipro- 
cals, divided by the difference of the corresponding numbers, is the reciprocal 
of the product of those numbers. The reciprocals of the higher numbers, 
however, were calculated by differences, which differences Avere found by 
logarithms. Various cheeks W'ere applied; and the Avhole Avas virtually re- 
computed on the Arithmometer of M. Thomas de Colmar. The significant 
figures of the reciprocals alone are tabulated, decimal points and ciphers 
being omitted, for the same reason that characteristics are left out in loga- 
rithmic tables. 

In T. I. of Bahlow (§ 4) reciprocals are given of numbers from 1 to 10,000 ; 
and this table also appears in the stereotype reprint of 1840 (see § 3, art. 4) : 
the latter is the most generally used table of reciprocals, and is of siifiieient 
extent for most purposes ; it is also rexmted to bo A’ery accurate, and is perhaps 
free from error. 

It must be added that Goodavyn’s ‘ Table of Circles,’ and ‘ Tabular Series,’ 
&c., 1823 (§ 3, art. 6), give reciprocals of numbers less than 1024 complete ; 
viz. the whole period is given, even where it exceeds a thousand figures. 

See also the reference to Gauss, vol. ii., near the beginning of the last 
article (§ 3, art. 6). 

As most nearly connected with a table of reciprocals (it gives not only 

1873, n 
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the reciprocals, but also multiples of them), we here describe Picarte’s ‘ La 
Division r^duitc It une Addition.’ 

Picarte [1861 J. The principal table occupies pp. 15-104, and gives, to ten 
significant figures, the reciprocals of all numbers from 1000 to 10,000, and also 
the first nine multiples of the latter (which are therefore given to 10 or 11 sig- 
nificant figures) . It is easy to see how this table reduces Division to Addition . 
The arguments run down the left-hand column of the page ; and there are nine 
other columns for the multiples ; each page contains 100 lines ; so that there 
are 10,300 figures to the page. Owing, however, to its size, and to the smallness 
and clearness of the figures, there is no confusion, the lines being well leaded. 
The great table is preceded by two smaller ones, the first of which (pp. 0, 7) 
gives the figures from the ninth to the fourteenth (inclusive) of the logarithms 
of the numbers from 101,000 to 100,409 at intervals of unity (downwards), 
with first, second, and third differences ; and the second (pp. 10, 11) gives 
ten-figure logarithms of numbers to 1000 ; and from 100,000 to 101,000 at in- 
tervals of unity (with differences). There is also some explanation &c. 
about the manner of calculating logarithms by inter])olatioii, Ac. The 
author remarks on the increasing rarity of ten-figure tables of logarithms, 
referring, of course, to Ylacu and Vega. The whole work wms submitted by 
its author to the French Academy, and reported on favourably by a Commit- 
tee consisting of MM. Mathicu, Hermito, and Biennyme. The report (made 
to the Academy Feb. 14, 1859) is printed at the beginning of the work. 
M. Damon Picarte describes himself as Member of the University of Chili ; 
and the Chilian Government subscribed for 300 copies of the work. There 
is no date ; but the ^‘privik%e” is dated Nov. 1800, and the book was re- 
ceived at the British Museum, April 29, 1861 , so that the date we have 
assigned is no doubt correct. On the cover of the book are advertised the 
following tables by the same author, which we have not seen : — 

“ Tables de multiplication, contenant les produits par 1, 2, 3 . . . . 9 et toutes 
les quantites au-dessous de 10,000, 1 vol. in-18 jesus.” 

“ Tableau Pithagorique, etendu jusqu'il 100 par 100, sous une nouvelle 
forme qui a permis de supprimer la moitie des produits,” 

It is scarcely necessary to remark that any trigonometrical table giving 
sines and cosecants, cosines and secants, or tangents and cotangents, may bo 
used (and sometimes w ith advantage) as a table of reciprocals. The extreme 
facility with which reciprocals can be found by logaritlims has prevented tables 
of the former from being used or appreciated as much as they deserve. 

The following is the list of references to § 4 ; — 

Tables of Bed pro cals. — Masekes, 1795; Barlow, 1814, T. I. (to 10,000) ; 
Trotter, 1841 [T. VIII.J ; Willicii, 1853, T. XXI. ; Beardmore, 1802, T. 
35 ; ScHLOMiLcn [1865 ?] ; Dankine, 1806, T. I. and I. A ; Wackerrahtii, 
1807, T. IX.; Parkuurst, 1871, T. XXY. ; sec also Merpaut, 1832 (§ 3, 
art. 3) ; Barlow (1840) (§3, art. 4), 

Art. 8. Tables of Divisors {Factor tables), and Tables of Primes . 

If a number is given, and it is required to determine whether it be prime, 
and if not what are its factors, there is no other way of effecting this ex- 
cept by the simple and laborious process of dividing it by every prime less 
than its square root, or until one is found that divides it without remainder^. 
The construction of a table of divisors is on the other hand very simple, as it 

* Wilson’s tbeorera (viz. that 1 . 2 . 3. . . . (w — 1) + 1 is or is not divisible by w, 
^(itt^ording as n is or is not priin©) theoretically affords a criterion ; but the labour of 
«pplyj*^ it Wbuld be far greater than the direct procedure by trial. 
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is merely necessary to form the multiples of 2, 3, '5 . . up to the extent of the 
table, the numbers that do not occur being of course primes. The manner 
in which the formation of these multiples is best effected, and other practi- 
cal details, are explained by Burckhaedt in his preface to the second 
million. The following is a list of tables of divisors and of primes, abridged 
from an elaborate account prefixed to Chernac : — 

1657. Francis Schooten : table of primes to 9997. 

1668. Pell (in Branker’s translation of lihonius’s ‘ Algebra,’ published at 
London) : least divisors of odd numbers not ending in 5 to 100,000. 

1728. Poctius. An ‘ anatomc’ of numbers to 10,000. 

1746. KrUger. Primes to 100,999. 

1767. Anjema. All divisors (simple and compound) of numbers to 

10 , 000 . 

1770. Lambert. Least divisors of numbers to 102,000 (multiples of 2, 3, 
and 5 omitted). 

1772. Marci. Extension of Lambert’s table by the addition of primes to 

400.000. 

1785. Neumann. Simple divisors (Pell only gave the least) of numbers 
to 10O,100 (multiples of 2, 3, 5 omitted). • 

1797. Vega. Simple factors to 102,000, and ^primes to 400,000 (see 
Vega, ‘ Tabulte,’ 1797, Vol. II. T. I.). 

1804. Krause. Factor table to 100,000. 

From the above list Chcrnac has omitted Bahn (1059), giving factors to 

24.000, and Pigri (1758) to 10,000, which arc desciibed below. A more 
important omission is that of Felkel, whose table is noticed at length 
farther on. 

The titles of Anjema’s, Neumann’s, and Krause’s works arc given in the 
Babbage Catalogue as follows : — “ Anjema (Hcnricus), Tabula divisorum 
omnium numerorum naturalium ab 1 usque ad 10000. 4to, Lugd. Bat. 
1767 ; ” “ Neumann (Johann), Tabellen der Prim-Zahlcn und der Factoren 
der Zahlen, welche iinter 100100, und durch 2, 3, oder 5 nicht theilbar sind ; 
herausgegeben durch J. N. 4to, Dessau, 1785;” and ‘‘Krause (Karl C. F.), 
Factoren- und Prirazahlen-Tafel von 1 bis 100000 neu berechnet. Fol. 
Leipzig, 1804.’^ 

The same catalogue also contains the title, “Snell (F. W. D.), Ueber eino 
neue und beqiieme Art^ die Faktorentafeln cinzurichten, nebst einer Kup- 
fertafcl der einfachen Faktoren von 1 bis 30000. 4to. Giessen und Darm- 
stadt, 1800.” 

The following are accounts of tables W'c have seen : — 

Rakn, 1659. On pp. 37-48 is given a table of divisors ; viz. the least 
divisor of every number, not divisible by 2 or 5, is tabulated from 1 to 24,000, 
the primes being marked with a ]), 

PigH, 1758. All the simple factors (so that if multiplied together they 
give the number) are given of aU numbers from 1 to 1 0,000. When the 
number is a power, letters are used instead of numbers (ct = 2, 5 = 3, c = 5, 
&c., as explained on p. 11 of the book) ; thus, answering to 25 we have cr, 
to 27 hhb, to 225 hh, cc, &c. 

Kriiger, 1746. At the end of the ‘ Algbbra ’ is a list of primes to 100,999, 
arranged consecutively in pages of six columns, and occupying 47 pp. The 
titlepago runs ‘ Primzahlen von 1 bis 1000000’ ; but the limit is as above 
stated ; and there is no possibility that the copy before us is incomplete, as the 
last page is a short one, and there is no printing on the back. 

n 2 
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The primes of each hundred arc separated, which for some purposes would 
he an advantage. 

Lambert states (Introd. ad ‘ Supplementa,’ ifec., 1798) that Kroger received 
this table from Peter Jseger. 

Felkel^ 1776. Table of all simple factors of numbers to 144,000, the 
tabular results being obtained from three tables. Thus Table A gives primes 
to 20,353 ; these occupy one page, along the top line of which run the (ireek 
letters a, /3. . . . and down the left-hand column four alphabets consecutively, 
viz. small italic, small German, capital italic, and capital German (there 
being 100 lines); and any prime given on this page is henceforth in the book 
denoted by its coordinates, so to speak : thus 9839 would be printed pp, &c. 
The principal table occupies 24 pp. ; and then Table B occupies one page iit 
the end. Suppose it recpiired to find the factors of 138,593. The middle 
table is entered at 138 and Table B at 593. In the latter we find as r(\sult 
“ g line 20,’^ so that we know that the compartment under // in the 20th line of 
the block 138, refers to the number in question. In this compartment is printed 
r, g, /3r, which, interpreted by Table A, gives 7, 13, and 1523 as the factors. 
There are a few details that have been omitted in this description ; the last 
three figures are written in the compartment wherever there is room for 
them. 

On the titlepage is a large engraving of a student (no doubt a portrait of 
Felkel) turning in contempt from a disordered cabinet of military books to 
another neatly arranged, containing Euler, Newton, Machiurin, Bernoulli, 
Boscovich, <fcc., and holding in his hand the works of Lambert ; with mottoes 

Bella odi, Pacem diligo, vera sequor,’’ &c. above. It will be seen that this 
table is entirely superseded by Chcrnac and Burckhardt. In the arrangement 
of the latter the table would only have occupied 16 much smaller pages, 
and its use would have required no explanation ; but on account of the rarity 
of the work, it has been thought worth while to describe at some length 
what is certainly the most remarkable-looking table we have seen. 

Be Morgan states that “ Murhard mentions the first part of a table (by 
A. Eelkel) of the factors of all numbers not divisible by 2, 3 or 5 from 1 to a 
hundred niilllom^ Vienna (1776).^^ On referring to Murhard we find such is 
the case, “ 100,000,000 being an obvious misprint for “ 10,000,000 ; ’’ we 
have seen Murhard’s error reproduced by other writers. 

Of Felkehs table Gauss (in the letter prefixed to I)ase’s Seventh Million) 
says : “ Felkel hatte die Tafel ira Manusenpte bis 2 Millionen fertig und der 
Bruck war bis 408,000 fortgcschritten, dann aber sistirt, und die gauze 
Auflage wurde vcrnichtet bis auf wenigo Exemplare des bis 33t),00U gehenden 
Theils, wovon die hiesige Bibliothek eines besitzt.” The copy of Felkel in 
the Royal Society’s Library, which extends to 144,000, is that which lias 
been described above. FelkeFs table is also referred to by Hobert and 
Ideler in the introduction to their work (see § 4). 

Felkel was editor of the Latin edition (Lisbon, 1798) of Lambert’s 
‘Zusatze’ (the ‘ iSupplemcnta ’ &c., see § 4) ; and he has there given, in the 
‘ Introductio Interprctis’ and at the end, some account of his life and the work 
he accomplished and hoped to accomplish with regard to the theory of numbers. 
He commenced the study of mathematics when of a somewhat advanced ago ; 
and he speaks in the warmest terms of Lambert, with whom he was in cor- 
respondence, and from whom he derived much assistance. This accounts for 
Lambert being the book open before the student in the engraving described 
above. ^ 

In a note on p. xiv of the Introductio to the ‘ Supplementa/ he (Felkel) 
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says : ‘‘ Non solum invcni formam omnes divisores numerorum exccpto maxi- 
mo, ab 1 usque 1,008,000 in spatio 42 plagularum rcprsesentandi, verum ctiam 
reipsa opus spatio 10 mcnsiura usque ad 2,016,000 confeci, auuoqiio 1785 
.... ad 5,000,000 usque continuavi.” (See also p. vii of the ‘ Introductio In- 
terpretis ’). 

Since writing the above description of Felkcl, I have examined (in the 
(1 raves Library) a far more complete copy, which contains probably all that 
Lelkel ever printed. There are three parts (bound together). The first is the 
same as that described above, and extends to 144,000 ; the second part 
(with fresh pagination) extends from 144,001 to 330,000 (pp. 2-03) ; we 
then have ‘Tabula Pactorum pars III exhibens factores numerorum ab 
330,001 usque 408,000,’ occupying pp. 05-87. The table thus gives factors 
as far as 408,000. The words “ 330,001 usque 408,000 ” have clearly ori- 
ginally stood “ 144,001 usque 300,000;'’ but the latter numbers have been 
stamped out and the former printed over them. There is a note in the work 
in the handwriting of Mr. Graves's librarian, which, referring to Gauss’s 
remark quoted above, proceeds: — “ This copy contains 3 parts and gives the 
factors of all numbers up to 408,000; such a copy is perhaps unique.” 
Gauss stated that all the copies were destroyed except a few, which extended 
to 33f),000 ; so that there can be no doubt that the Graves copy, extending 
to 408,000, must be, to say the least, excessively rare. 

It should bo added tliat the title and preface to the Graves coj^y are in 
Latin, while the Iloyal Society’s copy has them in German (Poggendorff 
also quotes the title in German with date 1777) ; the preface is dated April 1, 
1777, although the titlepagc bears date 1770. In the Graves copy some 
errata in Part I. are given. 

Por several reasons Pelkcl’s connexion with numerical tables is a curious 
one, and the record of his life would be interesting. We have seen (in some 
work of reference) a number of mechanical contrivances assigned to him as 
their inventor. 

Chernac, 1811. In a thick quarto are given all the simple divisors of 
numbers from 1 to 1,020,000 (multiples of 2, 3, and 5 being excluded). 
This book was found by lUirekhardt (who subsequently published the same 
table, the least divisor only being given) to be very accurate ; he detected only 
38 errors (he has given them in the preface to his first million), of which only 
9 are due to the author, the remaining 29 having been caused by the slipping 
&c. of type in the printing. 

Hutton’s Phil, and Math. Diet. 1815. In vol. ii. pp. 236-238 (Art. 

‘ Prime Numbers ’) is a table giving the least divisor of all numbers from 1 to 

10.000, multiples of 2 and 5 being omitted. 

Burckhardt (Pirst Million), 1817. Least divisors of every number to 

1.020.000. The library of the Institute contained a manuscript (calculated 
by Schenmarck ?) giving the least divisor of numbers to 1,008,000 ; Burck- 
hardt therefore computed the next 1 2,000 himself, and compared the manu- 
script with Chernac — a laborious work, as when a wrong divisor was given, 
Burckhardt had to satisfy himself if the number was really prime, as was 
the case in 236 instances. Por primes less than 400,000 he referred to Yega 
(see Yega’s ‘Tabula),’ 1797, Yol. II. T. I., and H^lsse’s Yega, 1840, T. Y.). 
Only 38 errors were found in Chernac. On the last page is a small table con- 
taining the number of figures in the periods of the reciprocals of 794 primes 
below 9901 (779 of which are below 3000). Burckhardt mentions in the preface 
that he has nearly completed the manuscript of the fourth, fifth, and sixth 
millions^ which will bo published, if the sale of the first three millions is 
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sufficiently favourable to induce the bookseller to undertake them. There 
are three pages on the use of the tables. This work, though containing the 
first million, was published after the second and third. 

Eive errors are pointed out at the beginning of Base’s f Seventh Million.’ 

Burckhardt (Second Million), 1814. The arrangement is the same as for 
the first million ; and the table extends from 1,020,000 to 2,028,000. This 
was the first published of the three millions ; and the method of calculation &c. 
is explained in the introduction, the least factor alone being given. If the 
others are required, the process is of course to divide the number by this factor 
and enter the table again with the quotient. To facilitate the division, on 
the first page (p. viii) a table is given of the first 9 multiples of all primes 
to 1423. 

Burckhaxrdt (Third Million), 1816. The arrangement is the same as in 
the other millions : the table extends from 2,028,000 to 3,036,000. 

Rees’s Cyclop8edia(voL xxviii. Art. ‘Prime Numbers’), 1 819. Attached 
to tlie article “Prime Numbers’’ in Itccs’s ‘Cyclopaedia,’ is a table of 23 pp., 
giving a list of primes up to 217,219 arranged in decades — a very convenient 
table, as there are 910 primes on each page. It is stated (and truly) that the 
primes are given to twice the extent that they are to be found in any previous 
English work. In the course of the article the author says, “ And a work lately 
published in Holland, not only contains the prime numbers up to 1 ,000,000, 
but also the factors of all composite numbers to the same extent — a performance 
which, it must be allowed, displays the industry of its author to much more 
advantage than either his genius or judgement.” This can only refer to Cuer- 
NAc’s table, which was published at Deventer (Daventria) in 1811 ; and it is a 
matter of regret that an English writer on mathematics should have thought 
only deserving of a sneer a work the performance and extension of u liich 
had been consistently urged by Euler and Lambert and afterwards by Gauss. 
One would expect the article of such a writer on the theory of numbers to bo 
very poor ; and such is the case. He has not thought it worth while to 
state where the table he gives has been copied from ; it is no doubt taken 
from Vega (‘ Tabulae ’), 1797, Vol. II, T. I. 

Base (Seventh Million), 1862. The least divisor of all numbers from 
6,000,001 to 7,002,000 (multiples of 2, 3 and 5 excluded), and therefore 
also a table of primes between these limits. 

The arrangement is as in Pueckhardt, there being 9000 numbers to the 
page. 

This work was undertaken by Base at the suggestion of Gauss ; and the letter 
of the latter is printed in the preface. In it Gauss adverts to, and expresses 
his concurrence in, Felkel’s desire that the factorial tables should be extended 
to ten millions ; he states that a manuscript containing the fourth, fifth, and 
sixth millions (viz. 3,000,000 to 6,000,000) was some years before presented 
by Crelle to the Berlin Academy, and he expresses a hope that it will soon be 
published ; he therefore suggests that Base should complete the portion 
from 6,000,000 to 10,000,000. Base accordingly undertook the work, and 
at the time of his death in 1862 had finished the seventh million entirely 
and the eighth million nearly ; while many factors for the ninth and tenth 
millions had been determined. The seventh million (as also the two follow- 
ing) were published after Base’s death by a committee of his fellow-towns- 
men as a memorial of his talent for calculation. 

Dase (Eighth Million), 1863. The arrangement is the same as in tho 
seventh million ; and the table extends from 7,002,001 to 8,010,000 ; the 
paging runs from 113 to 224 . ^ 
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There is a short preface of 2 pp. by Dr. Eosenberg, who edited the work, 
which was left nearly complete by Dase. 

Dase and Rosenberg (Ninth Million), 1865. The arrangement is the 
same as in the previous two millions ; and the table extends from 8,010,000 
to 9,000,000. The work left incomplete by Dase at his death was finished 
by Dr. Eosenberg ; the paging runs from 225-334. 

It is stated in the preface that the tenth million (the last which the tables 
were intended to include) was nearly completed ; but we believe it has not 
yet appeared. 

It will have been seen from the above accounts that Cheknac’s, Efrck- 
iiardt’s, and Dase’s tables together contain all the published results with re- 
gard to factors of numbers ; and by means of them we can find all the 
simple divisors of numbers between one miEion and three mUlions and 
between six millions and nine millions easily, and between unity and one 
million at sight. There is, however, the gap from three millions to six 
millions ; and it is very much to be regretted that this is not filled up. 
Gauss states a table of divisors from three millions to six millions exists in 
manuscript at Berlin ; and Burckhardt also formed a similar table ; so that 
this portion has apparently been twice calculated (by Crellc ? and Burck- 
hardt). 

Gauss’s letter is dated 1850 ; and it is a calamity that the anticipations con- 
tained in it have not been realized, as a mauuscri])t unpublished does more 
harm than if it were non-existent, by chocking others from attempting the 
task. The completion of Gauss’s scheme (viz. the publication of tables to ten 
millions) is very desirable, as these tables may be regarded as data in regard 
to investigations in the theory of numbers (see references to memoirs of Euler 
and Gauss in Chernac, and Gauss’s letter). The tenth miUion also seems to 
bo still unpublished, though seven years ago we had Dr. Eosenberg’s assurance 
that it was nearly completed. If the whole ten millions were published, wo 
should much like to see a list of all the primes up to this point published 
separately. 

Oakes^ 1865 (Machine table). The object is to find the prime or least 
factors of numbers less than 100,000 ; and for this purpose there are three 
tables, A (1 page large 8vo), B (4 pp. folio), and C (1 page obi. folio), and 
nine ])crforated cards, the one to- be employed depending on the group of 
1 0,000 that contains the argument. The mode of entrj^ is somewhat compli- 
cated ; and the table can only be regarded as a matter of curiosity ; for in the 
method of arrangement of Burckhardt or Dase the least factors of all 
numbers under 100,000 only occupy a little over 11 pp. or six leaves 
of small folio or large 8vo size — while the present apparatus consists of six 
leaves of large* and different sizes, and nine cards, besides requiring an 
involved course of procedure. Col. Oakes does not explain the principle 
on which his method depends. 

The following is a list of tables contained in works that are described in 

§ 4 . 

Tables of Divisors, — Donsox, 1747, T. XYII. (to 10,000) ; Maseres, 1795 
(to 100,000) ; Yega, 1797, Yol. II. T. I. (to 102,000) ; Lambert, 1798, 
T. I. (to 102,000); Barlow, 1814, T. I. (to 10,000); Hantschl, 1827, 
T. YII. (to 18,277): ^Salomon, 1827, T. II. (to 102,011); Hulsse’s Yega, 
1840, T. Y. ; Kohler, 1848, T. YIII. (to 21,524) ; HotrEL, 1858, T. YII. (to 
10,841) ; Eanktne, 1866 (to 256), See also Gbuson, 1798, § 3, art. 1. 

List of Prime Numbers. — Dodson, 1747, T. XYIII. (10,000 to 15,000) ; 
Yega, 1797, Yol. II. T. I. (102,000 to 400,000) ; Lambert, 1798, T. II. 
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(multiples of primes); T. VI. (to 102,000); Barlow, 1814, T. V. (to 
100,103) ; IIlTLssEs Vega, 1840, T. V. (102,000 to 400,313); Minsinger, 
1845 [T.IL] (to 1000); Byrne, 1849 [T. I.] (to 5000); Wackerbartu, 
1807 (to 1063) ; PARiaiuRST, 1871, T. XXIIL (to 12,239). 

Art. 9. Sexagesimal and Sexcentenarg Tables, 

Originally all calculations were sexagesimal ; and the relics of the system 
still exist in the division of the degree into GO minutes, and the minute into 
GO seconds. To facilitate interpolation, therefore, in trigonometrical and 
other tables, several large sexagesimal tables have been constructed, which 
are described or referred to below. They arc, we believe, scarcely used at 
all now, for several reasons — first, on account of the somewhat cumbrous size 
of the complete tables, and secondly because for most })urposes logistic 
logarithms (sec § 3, art. IS) are found more expeditious and convenient. A 
third reason is that both Bernoellt's and Taylor s tables were published by 
the Commissioners of Longitude, and, like the other publications of the Board, 
were advertised so little that their existence never became generally known. 

Bernoulli, 1779. A sexcentenary table to GOO seconds, to every second, 
giving at once the fourth term of any proportion of which the first term is 
GOO" and each of the other two arc less than 600". The table is, of course, of 

• • • cc\t 

double entry ; it may perhaps be best described as giving the value of 

correct to tenths of a second, x and y each containing numbers of seconds 
less than GOO", x being expressed in seconds alone, and y in minutes and 
seconds (though the latter can be turned into seconds at sight, as the number 
of seconds in the necessary integer number of minutes is given at the top of 
each page). The .r's run down the left-hand column, and the ?/’8 along the top 
lino ; and the arrangement is thus : — The portion of .Efrom 1" to GO" and the 
whole range of ?/ is given ; this occupies 30 pp. ; then the portion for x from 
()0" to 120", and for y from GO" to GOO"; and so on. The chief use of the 
table consists in the fact that in astronomical tables the differences arc 
usually given for every 10', so that the interpolation gives rise to a proj^ortion 
of the kind described above : in some cases the use of the table would be 
preferable to that of logistic logarithms. 

Taylor, 1780 [T. I.] (pp. 240). The table exhibits at sight the fourth 
term of any proportion where the first term is GO minutes, the second any 
number of minutes less than GO, and the third any number of minutes and 
seconds under GO minutes. If the second term consists of minutes and seconds, 
the table must be entered twice (once for the minutes and once for the seconds). 
The table can of course also be put to other uses. 

There is also added a table of the equation of second difference, giving the 
correction to be applied on this account in certain cases. 

[T. II.] (pp. 250, 251). Giving the thirds answering to the decimals in 
every column of [T. I.] where the result is expressed in minutes, seconds, and 
decimals of a second. 

[T. III.] (pp. 2G3-312). A millesimal table of proportional parts adapted to 
sexagesimal proportions, giving the result of any proportion in which the first 
term is GO minutes, the second term any number under GO minutes, and the 
third term any absolute number under 1 000. It is in fact the same as the 
sexagesimal table [T. I.], only that the third term is expressed in seconds, 
and is given only to 1000 (16' 40"^, and the result is also expressed in 
seconds (in [T. I.] the third terfais are given both in minutes and seconds) and 
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in seconds wholly, so that the expression of the result in seconds wholly is the 
chief characteristic of [T. IIT.]. 

This table is followed by 3 pp. to convert sexagesimals into decimals and 
vice versa, and numbers into sexagesimals and vice versd. The other tables 
arc Aveiglits and measures &c. There are numerous examples given in the 
introduction. 

[T. IV.]. Another table occupying one page (p. 252) should bo noticed ; 
it gives squares, cubes, fourth, fifth, and sixth powers of any number of 
minutes up to 00' : thus the square of 3' is 9" ; the cube, 27"' ; the fourth 
power 1'" 21*’' ; the fifth 4*'' 3% A-c. The words siirsolid and sqiun^e cube are 
used for the fifth and sixth powers. 

f)n the present work see also Beverley (1833?) (§ 4). 

It was the author of this table (Taylor) who afterwards calculated the 
logarithmic trigonometrical canon to every second. 

The following are references to works in § 4 : — 

Sexaejesimed tables: — Lynn, 1827, T, Z ; Bag ay, 1829, T, XXIY. (lo- 
garithms with sexagesimal arguments); Beverley (1833 ?), T. VI. (pp. 232 
&c.) and T. XY. ; Buortrede (Com. log. Tab.), 1844; Gordon, 1849, T. 
XYII. (half sines, &c., expressed sexagesimally). 

Tables for the conversion of sexagesimals into decimals, cmd vice versa : — 
Douglas, 1809, T. III., Supplement ; Ducom, 1820, T. XX.; Hxjlsse^s 
Yega, 1840, T. lY. 

Art. 10. Tables of natural Trigonometrical Functions, 

A history of trigonometrical tables by Hutton is prefixed to all the editions 
of his ‘ Tables of Logarithms ’ published during his lifetime * ; and, in his 
Article on Tables in the ‘ English Cyclopaedia,’ De Morgan has given what 
is by far the most complete and accurate account of printed tables of this 
kind that has been published. Information about the earlier tables is also 
to be found in Montucla and Delambre (see references in De lilorgan). Eor 
many years, when Mathematics had not passed beyond Trigonometry, 
the method of construction and calculation of the ‘ Canon Trigonometricus * 
formed one of the chief objects of the science, and the works on the subject 
were comparatively numerous, though now, of course, of purely historic 
interest only. Prior to the introduction of sines from the Arabians by 
Albategnius, trigonometrical calculations were always made by chords. The 
unit-arc was the arc whose chord Avas equal to the radius (viz. 60°) ; and 
both arc and radius Avere divided into 60 equal parts, and these subdivided 
again into 60 parts, and so on. (It thus appears that it Avas not the right 
angle that was divided into 90, 60 and 60 parts, &c., but that the unit-angle 
Avas 60°, so that the division was strictly sexagesimal throughout. It is 
curious that in some modern tables (sec Beverley, T. YI. and XY. &c.) the 
original arrangement has been restored, for convenience of interpolating by 
Taylor’s sexagesimal table). Thus in the earliest existing table, viz. the 
table of chords in the Syntaxis of Ptolemy (died a.d. 178), the chord of 90° 
is 84° 51' 10". Purbach (born 1423) and Kegiomontanus (born 1436) calcu- 
lated sines, the former to radius 600,000 and the latter to the same radius 
and also to radius 1,000,000; but it is not certain whether they were printed. 
The first knoAvn printed table, according to De Morgan, is a table of sines 
to minutes, without date, but previous to 1500. Peter Apian first published 
a table with the radius divided decimally (1533). Tangents were first pub- 

♦ It also forms Tract XIX. vol. i. pp. 278-306 of his * Mathematical Tracts,’ 1812. 
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lished by !Regiomontami 3 (1504); and the first complete canon giving all the 
six ratios of the sides of a right-angled triangle is due to liheticus (1551), 
who also introduced the semiquadrantal arrangement, llheticus’s oanon was 
to every ten minutes to 7 places ; and Yieta first extended it to every minute 
(1579). The first complete canon published in England was by Elundevilo 
(1594), although a table of sines had appeared four years earlier. 

It may be added that llegiomontanus (1504) called his table of tangents (or 
rather cotangents) Tabula foecunda, on account of its great use ; and till the in- 
troduction of the word tangent by Einck (1583), a table of tangents was called 
a Tabula fcecunda or Canon foecimdus ; Finck also introduced the term secant, 
the table of secants having previously been called Tabula benefica bj^ Mauro- 
lycus (1558), and Tabula fwcnndissima by Yieta. 

The above historical sketch has been compiled from Hutton and He Morgan ; 
so that most of the statements contained in it are not derived from our own 
inspection of the works mentioned. It is only intended to give an idea of the 
history of the natural canon ; and from the experience we have had of the value 
of second-hand information in matliematical bibliography, we should not re- 
commend great reliance to be placed on any one of the facts, A good deal of 
information about Ilhcticus, Yieta, &c. is given by De Morgan, whom we have 
scarcely ever found inaccurate, even in trifling details, when describing works 
he has examined himself. We have seen several of the works noted, but not 
sufiicient to make any corrections of importance to the current histories. 

The next author of importance to Hiieticus was riTTscus (1 () 1 3), whose im- 
portant canon, which still remains unsuperseded, is described below. The in- 
vention of logarithms in the following year changed all the methods of calcula- 
tion ; and it is worthy of note that Napier’s original table of 1 (114 (see § 3, art. 
17) was a logarithmic canon of sines and not a table of the logarithms of 
numbers. Almost at once the logarithmic superseded the natural canon ; 
and since Pitiscus’s time no really extensive table of pure trigonometrical 
functions has appeared. Natural canons arc now most common in Nautical 
collections, where the tabular results are generally given to 5 or (> places only. 

Traverse tables (multiples of sines and cosines) have not been included 
(see § 2, art. 12J. Massaloup (described below), however, is really a table 
of this kind, although constructed for a different purpose. 

Pinck [1583]. Canon of sines, tangents, and secants in separate tables, 
quadrantally arranged, for every minute of the quadrant, to 7 decimal places. 
The sines occupy pp. 138-173, the tangents pp. 176-221, and the secants 
pp. 224-269. De Morgan says that Finck calculated his own secants. There 
is no date on the titlepage ; but the preface and the colophon are both dated 
1583. The name tangent is introduced by Finck on p. 73, and that of 
secant on p. 76. These names were speedily adopted : thus Clavius, at the 
end of his edition of ‘ Theodosius ’ (Home, 1586), reprints Finck’s tables, and 
uses his terms both in the headings of the tables and in the trigonometry. 
He does not mention either Finck or Ehcticus by name, but speaks of them 
as recentiores (p. 188). Pitiscus, in his trigonometry appended to Abraham 
ShultePs ‘ Sphaericorum ’ (Heidelberg, 1595), uses the names tangent and 
secant, and refers to Finck or Bheticus for the requisite canons ; and in his 
larger trigonometry (Augsburg, 1600) he reprints Finck’s tables to five deci- 
mals, placing the sines, tangents, and secants together in one table. Bl un- 
de vile, in his ‘ Exercises ’ (London, 1594), reprinted the tables from Clavius. 
All these works are before us ; -but a more detailed account would be of only 
historical or bibliographical interest. 
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Rheticus, 1596 (‘ Opus Palatinum ’). Complete ten-decimal trigonome- 
trical canon for every ten seconds of the quadrant, semiquadrantally arranged, 
with differences for all the tabular results throughout. Sines, cosines, and 
secants are given on the versos of the pages in columns headed respectively 
Ferpendiculum y Basis, Hypotenma ; and on the rectos appear tangents, cose- 
cants, and cotangents, in columns headed respectively Perpendicnliim, Hypo^ 
teniisa, Basis^. This is the celebrated canon of George Joachim llhcticus, 
the greatest of the table-computers, to whom also is due the canon of sines 
described below under Pitisctjs, 1613. At the time of his death (1576) 
Itheti(‘us left the canon all but complete ; and the trigonometry was finished 
and the whole edited by Valentine Otho under the title ‘Opus Palatinum,’ 
so-called in honour of the Elector Palatine Erederick lY., who bore the ex- 
pense of publication. The edition before us is in two volumes, the second 
containing the ton-decimal canon and occupying 540 pp. (2-541) folio ; then 
follow 13 pp. of errata numbered 142-153 and 554. At the end of the 
first volume is a canon of cosecants and cotangents (in columns headed 
Ifypotennsa and Basis respectively) to 7 places for every 10 seconds, in a 
semiquadrantal arrangement. It occupies 180 pp. (separate pagination, 
2-1 81 ) ; and there seems no reason why it should have been printed at all, as 
the great ten-decimal canon completely supersedes it. llesides, it is exceed- 
ingly incorrect, as comparison with the latter shows at once. On this point 
De Morgan says that its insertion “ was merely the editor’s want of judg- 
ment ; it is clearly nothing but a previous attem])t made before the larger 
plan was resolved on while Hutton writes, “ Put I cannot discover the 
reason for adding this less table, even if it were correct, which is far from 
being the case, the numbers being uniformly erroneous and different from the 
former through the greatest part of the table.” Mention of it is introduced 
by Hutton with the words, After the large canon is printed another smaller 
table,” &c., while in the copy before us it ends the first volume, the second 
containing the great canon. It is also to be inferred from I)e Morgan’s ac- 
count that the whole work generally is bound in one (very thick) volume. 
The tangents and secants in the early part of the great canon were found to 
be inaccurate ; and the emendation of them was intrusted to Pitiscus, who 
“corrected the first eighty- six pages, in which the tangents and secants were 
sensibly erroneous ” (De Morgan) ; and copies of this corrected portion alone 
wore issued separately in 1607, as well as of the whole table with the correc- 
tions. We have not seen one of these corrected copies ; but vide De Morgan’s 
full account, ‘ English Cyclopaedia,’ Article “ Tables,” and ‘ Notices of the 
Boy. Astron. Soc.,’ t. vi. p. 213, and ‘ Phil. Mag.’ June, 1845. The pagina- 
tion of the other parts of the work is ^ De Triangulis globi cum angulo recto,’ 
pp. 3-140 ; ‘ Do Eabrica Canonis,’ pp. 3-85 ; ‘ De Triquetris rectarum line- 
arum in planitie,’ pp. 86-104 ; ‘ De Triangulis globi sine angulo recto,’ pp. 
1-341 ; ‘ Meteoroscopium,’ pp. 3-121 (the first three by Ilheticus and the 
rest by Otho). 

In 1551 Ilheticus had published a ten-minute seven-place canon in his 
< C^non Doctrinee Triangulorum,’ Leipzig, with which the present work must 
not be confounded. And in 1579 Yieta published his ‘ Canon Mathematicus, 
seu ad triangula cum Adpendicibus,’ for every minute of the quadrant. This 

♦ The explanation of these terms is evident. The sines and cosines are perpendiculars 
and bases to a hypotenuse 10,000, (X)0, 000 ; the secants and tangents are hypotenuses 
and perpendiculars to a base 10,000,000,000, and the cosecants and cotangents are hypo- 
tenuses and bases to a perpendicular 10,000,000,000. The object Eheticus had in view 
was to calculate the ratios of each pair of the sides of a right-angled triangle. 
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and several other works that we have examined will he noticed at length in a 
future Report. 

On Rheticus’s other works see Pitiscus, 1613, below. 

Gernerth has given a list of 598 errors that he found in the first seven or 
eight figures of the ten-decimal canon in the ^ Zeitschrift f. d. dsterr. Gymn.’ 
VI. Heft, S. 407 (also published separately). He also gives an account of the 
contents of the * Opus Palatinum/ from which it appears that in his copy the 
different parts of it were bound up in a different order from that in which they 
appear in the copy we have examined (which seems to be anomalous in this 
respect) ; and he omits the 121 pp. of the ‘ Meteoroscopium.’ The great in- 
accuracy of the small canon is also noticed by him ; and it is on this account 
that he gives no errata list for it. 

Pitiscus, 1613 [T. I.] (pp. 2-271, calculated by Rheticus). Natural 
sines for every ten seconds throughout the quadrant, to 15 places, semiqua- 
drantally arranged, with first, second, and third differences. (On p. 13, Per- 
jjendicttliim and Basis are printed instead of Binus and Smus coynplementi), 

fT. II. J (pp. 2-61, calculated by Rheticus). Natural sines for every 
second from 0° to 1°, and from 89^ to 90°, to 15 places, with first and second 
differences. 

[T. III. and IV.] (pp. 3-15). The lengths of the chords of a few angles, 
to 25 places, with verifications &c., followed by natural sines and cosines 
for the tenth, twentieth, and fiftieth second in every minute to 35', to 22 
places, with first, second, third, fourth, and sometimes fifth differences. 

The numbering of the pages thus recommences in each table (except. T, 
IV.) ; and each has a separate titlepago. On the first two the date is printed 
do . lo . XIII. instead of do . loc . xiii. 

The rescue of the MS. of this work from destruction by Pitiscus (as told by 
himself in the preface) forms a striking episode in the history of mathematical 
tables. The alterations and emendations in the earlier part of the corrected 
edition of the ‘ Opus Palatinum ’ were made by Pitiscus; and he remarked that 
a table of sines to more places than ten was requisite to enable the corrections 
to be conveniently made. He had his suspicions that Rheticus had himself cal- 
culated a ten-second canon of sines to fifteen decimal places; and on application 
to Valentine Otho, the original editor of the ‘ Opus Palatinum,’ the latter, who 
was then an old man, acknoAvledged that such was the case, but could not 
remember where the MS. was (‘^ ob memorice senilis debilitatom ”). He thought 
that perhaps he had left it at Wittemberg ; and accordingly Pitiscus sent a 
messenger there to search for it ; but after considerable expense had been in- 
curred ho returned without it. After the death of Otho, when the MSS. of 
Rheticus, which had been in his possession, passed into the hands of James 
Christmann, the latter discovered the canbn among them, when it had been 
given up for lost. As soon as Pitiscus knew this he examined the MSS. page 
by page, although they were in a very bad condition (situ et squalore obsitas 
ac psene foetentes), and to his great satisfaction found : — (1) the ten-second 
canon of sines to 15 places, with first, second, and third differences (printed 
ill the work under notice) ; (2) sines for every second of the first and last 
degrees of the quadrant, also to 15 places, with first and second differences ; 
(3) the commencement of a canon of tangents and secants, to the same 
number of decimal places, for every ten seconds, with first and second dif- 
ferences ; (4) a complete minute- canon of sines, tangents, and secants, also 
to 15 decimal places. Prom this account, taken in connexion with the 
‘Opus Palatinum’ and the ^ontents of the present work, one is able to 
form some idea of the enormous computations undertaken by Rheticus; 
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liis tables not only to this day remain unsuperseded and the ultimate authori- 
ties, but also formed the data whereby Vlacq calculated his logarithmic 
canon. Pitiscus says that for twelve years Rheticus constantly had some com- 
puters at work (duodecim totos annos semper aliquot Logistas aluit) ; and how 
much labour and expense on his part would have been wasted but for the 
zeal of Pitiscus is painful to contemplate ; as it was, it is matter of regret 
that Rheticus did not live to see the publication of cither of his canons, 
the first of which appeared twenty years, and the other thirty-seven years 
after his death. It was Pitiscus’s intention to add Rheticus’s minute-canon 
of tangents and secants ; but they laboured under the same defect as those in 
the (uncorrected) ‘ Opus Palatinum,’ and on this account he was dissuaded 
from so doing by Adrianus Romanus. The matter spoken of above as 
[T. III. and lY.] was due to Pitiscus himself, and was introduced at the 
advice of the same mathematician. 

The enormous work undertaken by Rheticus needs no eulogy ; and the 
earnestness and love of accuracy displayed by Pitiscus, not only rendered 
apparent by his acts but also evident in tlie prefaces to his several works, 
will always render his an honoured name in science. 

The present work is exceedingly rare ; and the copy wc have examined is 
in the library of the Greenwich Observatory. It, the ‘ Opus Palatinum,’ 
and Vlacu’s ‘ Arithmetica Logarithmica,’ IG28, and ‘ Trigonometria Artifici- 
alis,’ 1G33, may be said to be the four fundamental tables of the mathemati- 
cal sciences. 

Gernerth (in the work cited under Rheticus, 1596, supra) has given a 
list of 88 errors that ho detected in the first 7 or 8 places of the canon of 
sines; he detected altogether 110; but 22 he states were given by Vega 
in his ^ Logarithmisch-trigonometrische .... Tafeln und Pormeln,’ Vienna, 
1783 ; this was Yoga’s first publication of tables ; and we have not seen the 
work. 

Grieuberger, 1630. Sines, tangents, and secants, to 5 places, for every 
minute from 0° to 45° (with foot entries also ; but the table is only half a 
complete canon, as e.r/, sin 50° could not be taken out from it). There are five 
more figures added to the sines, but separated from them by a poiut (this is 
not a true decimal point, as is evident from the rest of the work, where no 
trace of decimals occurs), the object the author had in view in adding them 
being that when the sines had to be multiplied by large numbers, the re- 
sults might still be correct to the last unit (radius 100,000). Grienbergcr 
stated that more than 35 years before (about 1595) he had calculated a 
canon of sines to 16 places, and made considerable progress with the secants 
when the ‘ Opus Palatinum ’ appeared and caused him to lay aside his work. 
This he regretted exceedingly at the time of writing the present work, as he 
was not able to add the five extra figures to the tangents and secants, which 
he had transferred from his M8. in the case of the sines. The ‘ Opus Pala- 
tinum’ contained enough figures; but some of them were doubtful, and he 
wished no doubt to attach to any part of his table. The book is a duodecimo 
volume, and would scarcely have been noticed here, but from the fact of part 
of it having been the result of an original calculation. Napier’s bones are 
mentioned, but not logarithms. The preface contains Grienberger’s 39 -figure 
value of TT (see ‘ Messenger of Mathematics,’ July 1873) ; and it was in con- 
nexion therewith that wo sought the work out, and learnt with some surprise 
of Grienberger’s incomplete and unpublished calculations. The copy we 
examined is in the British Museum. 

Massaloup, 1847, T. I. The first five hundred multiples of the sines and 
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cosines of all angles from 1° to 45° at intervals of 10' to two places. The table 
occupies 442 closely printed pages. 

T. II. gives the first 109 multiples of the sine of all angles from 0° to 15° 
at intervals of 1' to two places. 

The above is the mathematical description of these tables ; but in the 
book, which is intended for surveyors &c., the multiples correspond to diftcr- 
ent lengths (1.0, 1.1,. . . .50.0 Buthen) of the hypothenuse ; and the sine 
and cosine columns arc headed H'ohe and Grundlinie, and are given in 
lluthen. As the arguments are at intervals of a Euss (= yk- of a lUithe) 
the table exhibits the results apparently to 3 places. The arrangement in 
T. I. is dilferent from that in T. II., as while in the former the lluthen and 
Eiissc run down the column, and the minutes along the top lino (so that all 
the multiples of the same sine or cosine are given consecutively), in T. II. the 
minutes run down the column, and the Eiisse along the top line (so that the 
same multiples of different angles are given consecutively). In this table also 
the results are given to 3 places, if the method of statement used in the book 
be followed. As it has been assumed that a Euthe = 10 Euss, while fro- 
queiitl}" it = 12 Euss, T. III. is given to convert decimals into duo- 
decimals, or, more strictly, Iluthcn Decimalmaass into Werkmaass and 
Bergmaass. 

T. I. and II. arc of course simple traverse tables. 

Junge, 18G4. Natural sines and cosines for every ten seconds of the 
quadrant to 0 places. The table is one of the clearest we have seen, the 
figures being distinct, and plenty of space being left between the columns 
‘&c., so as to give a light appearance to the page, though its large size is 
rather a disadvantage. The tabular results were interpolated for by Thomas’s 
calculating machine from the natural sines in Hulsse’s tables ; and the last 
figure may be in error by rather more than half a unit. The connexion 
between the tables and Thomas’s machine, referred to in the title and in tho 
preface, merely amounts, we su])posc, to this — that while computers in 
general use log sines, those who possess Thomas’s machine will find it 
easier to dispense with logarithms and use natural sines and ordinary 
arithmetic. 

^Clouth. Natural sines and cosines (to 0 places) and their first nine 
multiples (to 4 places) for every centesimal minute of the (jiiadrant, arranged 
semiquadrantally, the sines and their multiples occupying the left-hand pages, 
and the cosines the right ; the arguments arc also expressed in sexagesimal 
minutes and seconds, the intervals being then 32"*4. Wo have not seen the 
work itself, but only a prospectus, containing 2 pp. (108 and 1 09) as specimens. 
Judging from this, the book would contain 208 pp. In the copy of the pro- 
spectus before us, the words Mayen (chez Tautcur) ” arc covered by a piece 
of paper on which is printed ‘‘Halle, Louis Ncbcrt, Librairc-Editeur.” 
There is no date ; but we should judge the table to have been only recently 
published. 

We have also seen advertised ‘ Tafcln zur Berechnung goniomctrischer 
Co-ordinaten,’ by E. M. Clouth — no doubt a German edition of the same 
work. 

Tho following is a classified list of trigonometrical tables described in 

^ines^ tangents, secants, and ver^sed sines. — (To 7 places) Hantschl, 1827, 
T. V. ; WiLLTcii, 1853, T. B; Hutton, 1858, T. IX. 

(To G places) Galbraith, 1827, T. VI. 

Sines, tangents, and secant ^, — (To 7 places) Sir J, Moore, 1681 [T. III.] ; 
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YLAca, 1681 [T. I.]; Ozanam, 1685; Sherwin, 1741 [T. IV.]; Hent- 
soHEN (Vlacq), 1757 [T. I.] ; Schulze, 1778 [T. V.] ; Lambert, 1798, T. 
XXVI. ; Douglas, 1809 [T. III.]. 

(To 6 places) Oughtred, 1657 [T. 1.] (centesimal division of the degree) ; 
Ursinus, 1827 [T. V.] ; Beardmore, 1862, T. 38. 

(To 5 places) Iloiiim, 1858, T. II. ; Peters, 1871 [T. V.]. 

^ines and tangents {onhf). — (To 7 places) Bates, 1781 [T. II.] ; Vega, 
1797, T. III.; lioBERT and Tdeler, 1799 [T. I.J (centesimal) and B (cen- 
tesimal) ; (?) ^Salomon, 1827, T. XII. ; Turkish Logarithms ( 1834] ; 
IIulsse’s Vega, 1840, T. III. 

(To 6 places) Trotter, 1841 [T. IV.]. 

(To 5 places) Schmidt, 1821 [T. 111.] ; Kankine, 1806, T. 6 ; Wacker- 
BARTH, 1867, T. VIII. 

(To less than 5 places) Parkhurst, 1871, T. XXX. and XXXI. 

Tangents and secants {only). — Donn, 1789, T. V. (4 places) ; [Sheep- 
shanks, 1844] [T. IV.] (4 places). 

Sines {alone). — (To 15 places) Callet, 1853 [T. VII.] (centesimal). 

(To 7 places) Donn, 1789, T. Ill; Hasslek, 1830 [T. V.]. 

(To 6 places) M\skelyne (Be(]ui8itc Tables, Appendix), 1802, T. I.; Ducom, 
1820, T. XIX. ; Kerigan, 1821, T. IX. ; J. Taylor, 1833, T. XX. ; Xorie, 
1836, T. XXVI.; Griffin, 1843, T. 19; J. Taylor, 1843, T. 32; Domke, 
1852, T. XXXVI. 

(To 5 places) Lam pert, 1798, T. XXV. ; Maskelyne (Bequisite Tables), 
1802, T. XVII.; Bowditch, 1802, T. XIV.; Moore, 1814, T. XXIV.; 
Wallace, 1815 [T. III.] ; Gregory, &c., 1843, T. X. 

Multqdes of sines. — Schulze, 1778 [T. VI.]; Lambert, 1798, T. XXV. 
Versed sines {alone). — (To 7 places) Sir J. Moore, 1681 [T. IV.] ; [Sir 
J. Moore, 1681, Versed ,sw.<?] ; Dodson, 1747, T. XXVI. ; Douglas, 1809, 
[T. IV.]; Parley, 185() [T. I.]. 

(To 6 places) Maskelyne (Requisite Tables, Api)endix), 1802, T. II.; 
Mackay, 1810, T. XLI. ; Lax, 1821, T. XVII. (and coversed &c. sines); 
Riddle, 1824, T. XXVIII.; Xorie, 1836, T. XXXVI.; RUmker, 1844, 
T. III. ; Inman, 1871 [T. VIJT.] and [T. IX.]. 

Sines &c. expressed in radicals, — Lambert, 1798, T. XIX. ; Ursinus, 
1827 [T. III.] ; Vega, 1797, Appendix. 

iC 

Miscellaneous. — Sin^ Andrew, 1805, T. XIII; siiro? and tan^a?, 

Pasguich, 1817, T. II. ; suversed, coversed, sucoversed sines. Lax, 1821, T. 
XVII.; ^ sin x, 8tansbury, 1822, T. Y\ sexagesimal cosecants and cotan- 
gents, Beverley (1833 ?), T. VI. (pp. 232 &c.) ; sexagesimal sines, Id. T. 

XV.; sin ‘^,HtrLSSEWEGAT.IV.1840; sin^~, [Sheepshanks, 1844] [T. VI.] ; 

I sin X expressed soxagesimally, Gordon, 1849, T. XVIII. ; see also Sciilo- 
MILCH [1865 ?]. 

Note . — A list of tables in which both natural and logarithmic functions are 
given side by side in the same table is added at the end of § 3, art. 15. 

Art. 11. Lengths of Circular Arcs. 

Tables of the lengths (or longitudes) of circular arcs are very frequently 
given in collections of logarithmic and other tables ; but we have seen none 
of sufficient extent to be published separately. Angles are measured either 
by degrees, minutes, &c., or by the ratio which the corresponding arc bears 
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to the unit arc, or arc equal in length to radius. The latter method is usually 
described in English text-books under the title ‘‘ Circular Measure so that 
in the descriptions in § 4 we have spoken indifferently of the length of the 
arc of iv°, the longitude of or the circular measure of The tables of 
circular arcs usually give the circular measure of 1°, 2°,. . up to 90^, 180°, 
or sometimes 360°, of 1', 2', . • • *00', of 1", 2",. . . .60", and very often of 
V”, 2'"y. . . .60'" also. By means of such a table any number of degrees, 
minutes, &c. can be readily expressed in circular measure. 

The following is a detailed list of the lemjths of circular arcs contained in 
works described in § 4 : — 

(To 44 places) Hobert and Ideler, 1799, G (centesimal division). 

(To 27 places) Acadj^mie be Prusse, 1776 [T. 11.] ; Schulze, 1778 
[T. VII.]; Lambert, 1798, T. XXIIl. 

(To 25 places) Callet, 1853 [T. V.] (sexagesimal and centesimal). 

(To 15 places) IIaxtsciil, 1827, T. X. 

(To 12 places) Schmidt, 1821 ['T. IV.]; MIjller, 1844 [T. IV.]. 

(To 11 places) Vega, 1794, T. II.; Hulsse's Vega, 1840, T. 11. ; Kohler, 
1848 {T. V.]. 

(To 10 places) Shortrede, 1849, T. III.; Bruhxs, 1870. 

(To 8 places) Vega, 1797, T. III. ; Pearsox, 1824 [T. 111.]. 

(To 7 places) Dobson, 1747, T. XXV. ; Ursinus, 1827 [T. HI.]; Gru- 
soN, 1832, T. VI.; Trotter, 1841 [T. VII.] ; Shortrebe (tables), 1844, 
T. XXXVIII.; Warnstorff’s Schumacher, 1845 [T. II.]; Willich, 1853, 
T. D; Bremiker’s Vega, 1857, T. II.; Hutton, 1858, T. XI.; Duruis, 
1868, T. IX.; Peters, 1871 [T. TIL] 

(To 6 places) Bremiker, 1852, T. II. 

(To 5 places) Wackerbarth, 1 867, T. IV. 

See also Vega, 1800, T. II. ; Byrne, 1840 [T. IL] ; *Sciil6milcii 
[1865?]. 

Art. 12. Tables for the expression of hours, minutes, (^r. as decimals of a day, 
and for the conversion of time into space, and vice versa. 

The largest table wo have seen to convert hours, minutes, &c. into decimals 
of a day is HotiEL, 1866. Tables of this kind arc not niimcrous. 

Three hundred and sixty degrees of space or arc are equivalent to twenty- 
four hours of time ; so that H corresponds to 15°, I"^ to 15', and I** to 15" ; 
1" is therefore 4 thirds of time = 4^ ; 30'=2‘“ 24'’ &c. Small tables to convert 
space (arc, or longitude) into time are not unfrcqucntly given in collections 
(generally nautical) of tables. A complete table of the kind gives the numbers 
of hours and minutes corresponding to 1°, 2°, . . . . 360° ; and the same figures 
also denote the number of minutes and seconds, and seconds and thirds (of 

time) corresponding to 1', 2', 360', or 1", 2",. . . .360" respectively. In 

this Beport \ ®, &c. are used to denote hours, minutes, seconds, and thirds (of 

time), and °, ', ", '" for degrees, minutes, &c. of space — a distinction which it 
is often convenient to adopt. 

liittrow^ 1837. T. I.-IV. (5 pp.) are small tables for the conversion of arc 
into time &c. All the other tables, which occupy more than nine tenths of 
the tract, are astronomical. 

Hoiiel, 1866 (Time Tables), T. IT. To convert hours, minutes, and 
seconds into the decimal of a day (pp. 15). Any number of hours, minutes, 
and seconds (and fractions of a second, as proportional parts are added) 
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can be readily expressed as a decimal (to seven places) of a day, and vice 
versa by means of it. 

The following are tables described in § 4 : — 

Tables for the conversion of Time into Space, and vice versd. — Caoss* 
WELL, 1791, T. XIII.; Bowditch, 1802, T. XII.; Eios, 1809, T. XVI.; 
Kerigan, 1821, T. XIII. ; Stansbttry, 1822, T. I. ; Pearson, 1824 [T. 1.1 ; 
Galbraith, 1827, T. XII. (Introd.); Warnstorff’s Schumacher, 1845 [T. I.J; 
Kohler, 1848 [T. I.] ; Gordon, 1849, T. XI. ; Domxe, 1852, T. XLYII. and 
XLVIII. ; Bremiker, 1852, T. II. ; Thomson, 1852, T. I. ; Bremiker s Vega, 
1857, T. III. ; HotEL, 1858, T. I. ; Peters, 1871 [T. II.]. 

Tables to express Degrees, Minutes, as decimals of a right angle, 
or Hours, Minutes ^ c , as decimals of a day, and vice versd, — Hobert 
and Ideler, 1799, C. I.-IV., B. I.-III., E*. I.-IV., E. ; Galbraith, 1827, 
T. XI. (Introd.) ; Hantschl, 1827, T. XII. ; Beverley (1833 ?), T. VI. 
(p. 127) ; Kohler, 1848, T. IX. ; Peters, 1871 [T. I.]. 

Art. 13. Tables of (Briggian) Logarithms of Numbers, 

The facts relating to the invention of Briggian (or decimal) logarithms are 
as follows: — In 1614 Xapier published his ‘Canon Mirificus ^ (see § 3, 
art. 17), which contained the first announcement of the invention of logarithms, 
and also a table of logarithmic sines, calculated so as to be very similar to what 
are now called hyperbolic logarithms. Henry Briggs, then Professor of Geo- 
metry at Gresham College, London, and afterwards Savilian Professor of Geo- 
metry at Oxford, admired this work so much that he resolved to visit Xapier. 
“ Naper, lord of Markinston, hath set my head and hands at work with his 
new and admirable logarithms. I hope to see him this summer, if it please 
God ; for I never saw a book which pleased me better, and made me more 
wonder.” This he says in a letter to Usher (Usher’s ‘ Letters,’ p. 36, accord- 
ing to Ward). Briggs accordingly visited Xapier, and stayed with him a 
whole month (in 1615). He brought with him some calculations he had 
made, and suggested to Napier the advantages that would result from the choice 
of 10 as a base, having publicly explained them previously in his lectures 
at Gresham College, and written to Napier on the subject. Napier said that 
he had already thought of the change, and pointed out a slight improvement, 
viz. that the characteristics of numbers greater than unity should be posi- 
tive, and not negative, as Briggs suggested. Briggs visited Napier again in 
1616, and showed him the work he had accomplished, and, as ho himself says, 
would have gladly paid a third visit in 1617, had Napier’s life been spared 
(he died April 4, 1617). The work alluded to is Briggs’s ‘ Logarithmorum 
Chilias Prima,’ which was published (privately, we believe) in 1617, after 
Napier s death, as in the short preface he states that why his logarithms are dif- 
ferent from those introduced by Napier “ sperandum, ejus librum posthumum, 
abundc nobis propediem satisfacturum.” The liber posthumus was Napier’s 
‘ Constructio,’ which appeared in 1619, edited by his son (see § 3, art. 17). 
Briggs continued to labour assiduously, and in 1624 published his ‘Arith- 
metica Logarithmica,’ giving the logarithms of the numbers from 1 to 
20,000, and from 90,000 to 100,000 (and in some copies to 101,000), to 14 
places. 

To the above facts we must add that Napier made a remark, both in Wright’s 
translation of the ‘ Bescriptio’ (1616) and in the ‘ llabdologia ’ (1617), to the 
effect that he intended in a second e(htion to make an alteration equivalent 
to taking the logarithm of 10 equal to unity. 

We have thought it proper to give the circumstances attending the inven- 
1873, K 
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tion of Briggian logarithms in the above detail, as there seems every proba- 
bility that the relations of I^apier and Briggs may become a subject of con- 
troversy among those who have never taken the trouble to examine the 
original Sources of information. Hutton, in his ^ History of Logarithms ^ 
(prefixed to all the early editions of his logarithmic tables, and also printed 
in vol. i. pp. 306-340 of his ^ Tracts,’ 1812), has unfortunately interpreted all 
Briggs’s statements with regard to the invention of decimal logarithms in a 
manner clearly contrary to their true meaning, and unfair to Napier. In 
reference to the remark in Briggs’s preface to the ^ Cbilias,’ that it is to he 
hoped that the posthumous work wiU explain why the logarithms are different 
from Napier’s, Hutton proceeds : — And as Napier, after communication had 
with Briggs on the subject of altering the scale of logarithms, had given notice, 
both in Wright’s translation and in his own ‘ Eabdologia,’ printed in 1617, 
of his intention to alter the scale (though it appears very plainly that he never 
intended to compute any more), without making any mention of the share 
which Briggs had in the alteration, this gentleman modestly gave the above 
hint. But not finding any regard paid to it in the said posthumous work, 
2 )ublished by Lord Napier’s son in 1619, where the alteration is again adverted 
to, but still without any mention of Briggs, this gentleman thought he could 
not do leas than state the grounds of that alteration himself. 

Thus, upon the whole matter, it seems evident that Briggs, whether he had 
thought of this improvement in the construction of logarithms, of making 1 
the logarithm of the ratio 10 to 1 before Lord Napier or not (which is a secret 
that could be known only to Napier himself), was the first person who com- 
municated the idea of such an improvement to the world ; and that he did 
this in his lectures to his auditors at Gresham College in the year 1616, very 
soon after his perusal of Napier’s ‘ Canon Mirificus Logorithmorum ’ in the year 
1614. He also mentioned it to N apier, both by letter in the same year and on his 
first visit to him in Scotland in the summer of the year 1616, when Napier ap- 
proved the idea, and said it had already occurred to himself, and that he had 
determined to adopt it. It would therefore have been more candid in Lord 
Napier to have told the world, in the second edition of this book, that Mr. 
Briggs had mentioned this improvement to him, and that he had thereby been 
confirmed in the resolution he had already taken, before Mr. Briggs’s com- 
munication with him, to adopt it in that his second edition, as being better 
fitted to the decimal notation of arithmetic which was in general use. Such 
a declaration would have been but an act of justice to Mr. Briggs ; and the 
not having made it cannot but incline us to suspect that Lord Napier was 
desirous that the world should ascribe to him alone the merit of this very 
useful improvement of the logarithms, as well as that of having originally in- 
vented them ; though, if the having first communicated an invention to the 
world be sufficient to entitle a man to the honour of having first invented it, 
Mr. Briggs had the better title to be called the first inventor of this happy 
improvement of logarithms.” 

The above comments of Hutton’s are all the more unfortunate because they 
occur in a history that is generally accurate and truthful. It is needless 
to say that, the facts being as above narrated, there is not the smallest 
ground for imputing unfairness to Napier ; but Hutton seems to have some- 
how become possessed of such an idea and read all the facts by the light of it. 
On the other hand, however, some of the accounts are scarcely fair to Briggs. 
Mr. Mark Napier, in his 'Memoirs of John Napier,’ has successfully refuted 
Hutton ; blit he has fallen into the opposite extreme of extravagantly eulogizing 
Napier at the expense of Briggs? whom he rediices to the level of a mere 
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computer ; and in these terms Mr. Sang has also recently spoken of the latter. 
Mr. Napier attributes Hutton s assertions to national jealousy (!) ; and it will 
be a matter of regret if any other writers should follow his example in at- 
tempting to glorify Napier by depreciating Briggs. The words of the latter, 
in the 1631 translation (and amplification, see below) of his ‘Arithmetical of 
1 624, are : — “ Those numbers were first invented by the most excellent lohn 
Neper, Baron of Marchiston ; and the same were transformed, and the founda- 
tion and use of them illustrated with his approbation [ex ejusdem sententia] 
by Henry Briggs.’^ No doubt the invention of decimal logarithms occurred 
to both Napier and Briggs independently; but tho latter not only first an- 
nounced the advantage of the change, but actually completed tables of the 
new logarithms. Thus, as regards the idea of the change, Napier and 
Briggs divide the honour equally ; while, on the principle that “great points 
belong to those who make great points of them,” nearly all belongs to Briggs. 

On the subject of Briggs and the invention of logarithms, see the careful 
and impartial life of Briggs in Ward’s ‘ Lives of tho Professors of Gresham 
College,’ London, 1740, pp. 120-129, and also ‘ Yitoe quorundam eruditis- 
simorum et illustrium virorum’ &c., scriptoro Thoma Smitho, Londini, 1707 
(Vita Henrici Briggii), as well as ‘ Memoirs of John Napier of Merchiston,’ by 
Mr. Mark Napier, Edinburgh, 1839, and the same author’s ‘Naperi libri qui 
supcrsunt’ (see § 3, art. 1 7). See also Hutton’s account (reference given above) 
and Phil. Mag., October and December (Supplementary No.) 1872, and May 
1873. It is proper to add that the date we have given for Briggs’s first visit 
to Napier, viz. 1615, is difierent from that assumed by other writers, viz. 1616; 
we have, however, little doubt that the former is correct, as it in all respeota 
agrees with the facts. Tho reason that Ward, Hutton, &c. assign Briggs’s 
first visit to 1616, and the publication of the ‘ Chilias’ to 1618, is, no doubt, 
due to the fact that they supposed Napier to have died in 1618 ; but Mr. Mark 
Napier has shown that the true date is 1617 ; and this brings all the facts into 
agreement (see Phil. Mag. December 1872, Supp.), 

Like Napier, Briggs was not very particular about the spelling of his name. 
In Wright’s translation it appears as Brigs on the titlepage, Brigges on tho 
first page of the preface, and Briggs in the eulogistic verses. 

Although we have spoken of logarithms to the base 10 &c., we need scarcely 
observe that, although exponents and even fractional exponents were in a sort 
of way introduced by Stevinus, neither Napier nor Briggs, nor any one till 
long after, had any idea of connecting logarithms with exponents. 

To return to the original calculation of the logarithms of numbers. Briggs, 
08 has been stated, published the logarithms of the numbers from 1 to 

20.000 and from 90,000 to 100,000 to fourteen places, in his ‘Arithmetical 
There was thus left a gap from 20,000 to 90,000, which was filled up by 
Adrian Ylacq (although Briggs had in the mean time nearly completed the 
necessary calculations ; see Phil. Mag. May 1873), who published at Gouda, 
in 1628, a table containing the logarithms of the numbers from unity to 

100.000 to 10 places of decimals. Having calculated 70,000 logarithms and 
copied only 30,000, Ylacq w’ould have been quite entitled to have called his 
a new work. He designates it, however, only a second edition of Briggs, 
tho title running, “ Arithmetica logarithmica sive logarithmorum chiliades 
centum, pro numeris natural! eerie orescentibus ab Unitate ad 100000. . . . , 

Editio secunda aucta per Adrianum Ylacq, Goudanum Goudae, excudebat 

Petrus Bammasenius, 1628,’^ This table of Ylacq’s was published, with an 
English explanation prefixed, in London in 1631, under the title, “ Logarithm 
micall Arithmetike, or of Logaritbpaes for absolute numbers, from an 
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tmite to 100000 London, printed by George Miller, 1631” (full titles are 

given in § 5). 

Speaking of Briggs’s * Aritbmctica Logarithmica ’ of 1624, Do Morgan, in 
his article on Tables in the ‘ English Cyclopaedia,’ says : — “ After his [Briggs’s] 
death, in 1631, a reprint was, it is said, made by one George Miller ; the 
Latin title and explanatory parts were replaced by English ones — ‘ Logarith- 
micall Arithraetikc ’ ifec. We much doubt the reprint of the tables, and think 
that they were Briggs’s own tables, with an English explanation prefixed in 
place of the Latin one. Wilson (in his ‘ History of Na^dgation,’ prefixed to 
the third edition of Eobertson) says that some copies of Vlacq, of 1 628, were 
purchased by our booksellers, and published at London with an English ex- 
planation premised, dated 1631 . Mr. Babbage (to whose large and rare col- 
lection of tables we were much indebted in the original article) has one of 
these copies ; and the English explanation and title is the same as that which 
was in the same year attached to the asserted reprint of Briggs. We have no 
doubt that Briggs and Vlacq were served exactly in the same manner.” On 
referring to Eobertson (fourth edition, p. xvi), there is found to be no further 
information than that contained in the above extract. That De Morgan’s 
suggestion is quite correct, and that Miller’s and Vlacq’s tables are both 
printed from the same types, we have assured ourselves by a most careful 
comparison, which leaves no doubt whatever that the two works are printed 
from the same type throughout. Wc arc thus enabled to state that the 
same errata-list suffices for both ; and this is important, as Vlaco (1628, 
or 1631) is still the most convenient and most used ten-figure table in ex- 
istence. Briggs’s friends were annoyed at Vlacq’s publication ; but it must 
be borne in mind that their objections have reference, not so much to the table 
(which is the only thing of practical importance now) as to the prefixed tri- 
gonometry, which Vlacq curtailed in his second edition.” George Miller also 
published some copies of the original ‘Arithmetica’ of 1 624, with the same title- 
page and introduction as were prefixed to the copies of Vlacq of 1628 ; and this 
was distinctly wrong, as the titlepage docs not in this case describe the con- 
tents correctly. 

. It thus appears that Briggs’s table was published in 1624, and Vlacu’s in 
1628 — that copies of the tabular portions of both these works were obtained bj' 
George Miller, and published by him in 1631, with the same (English) title- 
page and introduction, which, though correctly describing the contents of 
Vlacq, is quite inappropriate for Briggs. This has led to a very great amount 
of confusion, which has been greatly increased by the fact that on the title- 
pages Briggs’s and Neper’s names occur, and that Vlacq only called his work 
a second edition. It is in consequence exceedingly common to see Vlacq’s 
Work assigned to Briggs or Neper ; and it is almost invariably ascribed to one 
or other of the latter in the catalogues of libraries. 

Vlaco’s ^ Arithmetica’ of 1628 was also published with the same date, with 
a French title (*^ Arithmetique Logarithmetique ” &c.) and introduction. 
Vlacq modestly describes his share of the calculation in the words : — La 
description cst traduit du Latin en Francois, la premiere Table augmentee, 
et la seconde composee par Adriaen Vlacq.” Miller’s (1631) copies of Vlacq 
are not so rare as the extract from Ho Morgan might imply. We have seen 
five of them, and only three or four of the original (1628) works (including 
both Latin and French). 

In 1631 Vlacq published his ^ Trigonometria Artificialis’ (§4). This 
Work contains, among other tables, the logarithms of the numbers from unity 
4o 20,000, printed also (with the exception of the last sheet, referred to fur- 
ther on) from the same typo. 
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No further calculation of logarithms of numbers took place till the end of 
the last century, when the great French manuscript tables (the ^ Tables 
DU Cadastee’ — see description of them below) were computed under tho 
direction of Prony. These, as is well known, have never been published. 

In 1794 Yega published his ‘ Thesaurus Logarithmorum Completus,’ which 
contains a complete ten-figure table from 1000 to 101,000. It was not, how- 
ever, tho result of a fresh calculation, but was copied from Ylacq, after ex- 
iimination and correction of many errors (see Yega’s ^Thesaurus,’ § 4). 

In 1871 Mr. Sang published his seven-figure table of logarithms of numbers 
to 200,000, the second half of which was obtained by a new calculation. It is 
thus seen that, with the exception of the Tables du Cadastiie, and the second 
half of Mr. Bang’s table, every one of the hundreds of the tables that have 
appeared has been copied from Briggs or Ylaco ; and considering tho enor- 
mous number of calculations in which logarithms have been employed, 
and tho vast saving they have eftcctcd of labour, it must bo admitted that 
(apart from the fact that the great tables of Briggs and Ylacq remain 
still unsuperseded) great historical interest attaches to the original com- 
putation. 

Ylacq’s ten-figure table contains about 300 errors (leaving out of consi- 
deration errors affecting only the last figure by a unit). The greater number 
of these were found cither by Yega, or by Lefort from comparison with the 
Tables dtj Cadasire : complete references and a small subsidiary list are 
given in the ‘ Monthly Notices of the Koyal Astronomical Society ’ for May 
and Juno 1872. While s])eaking of ten-figure logarithms, we may men- 
tion Pineto’s table described below; but Ylacq (1028 or 1031) and Yega 
(1794) are far preferable : they are unfortunately so rare, however, that not 
many besides those who have access to a good library can make use of 
them, and, except to a few, the employment of ten-figure logarithms in their 
most convenient form is denied : we much prefer Ylacq to Yega for use, as 
tho arrangement is more convenient. 

To return to the history of logarithmic tables to a less number of figures. 
In 1625 Wingate published at Paris his ^ Arithmetique Logarithmetique,’ con- 
taining seven-figure logarithms to 1000, and logarithmic sines and tangents 
from Gunter (sec De Morgan ; tho full title of the Gouda edition of Wingate 
(1628) is given by Bogg, p. 408), thus introducing Briggian logarithms into 
France ; and in 1626 appeared both IIenrion’s ‘Traicte’ (§ 4) at Paris, con- 
taining 20,000 logarithms from Briggs and GunteFs logarithmic sines and 
tangents, and De Decker’s ‘ Nieuwe Telkonst’ (§ 4) at Gouda, giving also 
logarithms from Briggs and Gunter; then Ylacq began to calculate logarithms, 
and brought them in 1628 to the state in which they now are. There is a table 
of logarithms in Norwood’s ‘Trigonometric’ (1631) ; and in 1633 appeared 
Hoe’s table (§ 4), in which the first four figures of the logarithm are printed 
at the top of the column. This w^as an advance halfway to the modern arrange- 
ment, which was introduced in its present form in John Newton’s eight-figure 
table (1658). On Fauluaber, 1631, and Oughtred, 1657, see § 4. 

Tables of seven- and five-figure logarithms are too numerous to notice 
hero separately. The chief line of descent is Briggs, Ylacq, Hoe, perhaps 
Newton, the editions of Sherwin, Gardiner ; and then both Hutton and 
Callet Ijring down the succession to the present day. A very fair account 
of several logarithmic tables is given by Hogg in section iv. “ Elementar- 
Geometrie ” (B) of his ‘ Handbuch,’ who added to the books described in this 
part of his bibliography a description of the contents. But the reader must 
be warned against trusting his accounts, except where he is clearly describing 
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works he has seen. Of seven-figure tables wo have found Babbage as con- 
venient as any, and it is nearly free from error ; Callet and Hutton are also 
much used; ShortrEde and Sang are both conspicuous for giving the multiples 
of the differences instead of proportional parts ; the latter work also extends 
to 200,000 instead of 100,000 as usual. Of five-figure tables De Morgan’s 
(Useful-Knowledge Society) tables are considered the best, and are practically 
free from error. We cannot, however, here particularize the advantages of 
the different tables, which must be gathered from their full descriptions. 
Some of them have, of course, been merely included on account of their his- 
torical value. We may here mention that the subject of errors in these tables 
will be considered in a subsequent Eeport. 

Yega (p. iii of the Introduction to the ‘ Thesaurus,’ 1794) says that Ylacq’s 

* Arithmetica ’ (1628) and ‘ Trigonometria ’ (1633) were printed at Pekin in 
1721, under the title Magnus Canon Logarithmorum, turn pro sinibus ac 
tangentibus ad singula dena secunda, turn pro numeris absolutis ab unitato ad 
100,000. Typis sinensibus in Aula Pekinensi, jnssu Impcratoris cxcusus, 
1721 (three volumes folio, on Chinese paper), and that a copy had been 
offered him for sale two years previously (1792). Montucla (‘Histoire,’ 
vol. iii. p. 358) says, the name of the Emperor in question was Kang -hi. 

Hogg also (p. 408) confirms Yega, extracting the title from Brunet’s 

* Manuel du Libraire.’ 

In the preface to his tables (1849) Mr. Filipowski concludes by a sneering 
remark on the Chinese, saying that Mr. Babbage proved, as had long been 
suspected, from what source those original inventors had derived their 
logarithms ; ” and we have noticed this tendency to ridicule the Chinese in 
this matter as detected plagiarists in others. In point of fact there is no more 
plagiarism than when Babbage or Callet publishes a table of logarithms with- 
out the name of Ylacq on the titlepage. The first publication in China, we 
infer from Hogg, merely professed to be a reprint of Ylacq ; and if logarithms 
came into general use, it is natural that they would be published, as with us, 
without the original calculator’s name. The fault is with those who form 
preconceived opinions on subjects they have not investigated. 

A Turkish table of logarithms is described in § 4. A small table of 
logarithms to base 2 is noticed below, under Montferrier, 1840. 

We may mention a little book, ‘ Instruction clementaire et pratique sur 
I’usage des Tables de Logarithmos,’ by Prony (Paris, 1834, 12mo), which 
ex2)lains the manner of using of tables of logarithms &c., adaj)ted to Callet. 

In many seven-figure tables of logarithms of numbers the values of 8 and T 
are given at the top of each page, with Y, the variation of each, for the purpose 

of deducing log sines and tangents. S and T are tho values of log and 

log — for the number of seconds denoted by certain numbers (sometimes 


only the first, sometimes every tenth) in the number- column on each page. 
Thus, in Callet, 1853, on tho page of which the first number is 67200, 


sin 6720' 


and T= 


tan 6720" 


while the Y’s are the variations of 


each for 10". To find then, say, log sin 1° 52' 12"’7, or log sin 6732"*7, wo 
have 8=4*6854980, and log 6732*7 = 3*8281893, whence, by addition, wo 
have 8*5130873; but Y for 10" is —2*29 ; whence the variation for 12"*7 
is —3, and the log sine required is 8*5136870. Tables of S and T are fre- 
quently called, after their inventor, Delambre’s tables. 

It is only since tho completidn of this Eeport, and therefore too late to 
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make any use of it, that we have received from Professor Bierens de Haan a 
copy of a very valuable tract, ^ J ets over Logarithmentafels,’ extracted from 
the ' Yerslagen en Medodeeliugen der Koninklijke Akademie van Weten- 
Bchappon, Afdeeling Natuurkunde,’ Dcel xiv. Amsterdam, 1862, 8vo (pp. 80), 
which contains by far the most complete list of authors or editors of loga- 
rithmic tables of all kinds, with the dates and places of publication (from 1614 
to 1862), that wo have seen, and must bo nearly perfect. Some remarks are 
made on those of them that de Haan has examined himself ; and there is ap- 
pended a valuable index of reference to papers on logarithms that have ap- 
peared in any Journal or Society’s Proceedings. 

Wo may also refer to the paper of Gernerth’s noticed under Rheticus, 
1596 (§ 3, art. 10), which contains a number of last-figure errors in logarith- 
mic and other tables. Gernerth was desirous of ascertaining the care bestowed 
on the editing of mathematical tables, and considering that it was best 
measured by the accuracy of the last figure, ho confined himself to the exa- 
mination of this point alone (except in the cases of Rhj^ticus and Pmscus, 
where the first seven or eight figures were included), and detected very many 
errors. Ho altogotlier examined tables by eighteen authors ; but generally, 
where the errors wore numerous, he has given only five per cent, of those that 
ho found. 

Also, as this sheet is passing through the press, we add references to two 
papers in the ‘Monthly JN^otices of the Royal Astronomical Society’ for 
April and May, 1873, “ On the Progress to accuracy of Logarithmic Tables,” 
and “ On Logarithmic Tables in the former of which the number of Ylacq’s 
original errors that were reproduced in succeeding works is discussed, whilo 
the latter contains remarks on logarithmic tables both of numbers and trigo- 
nometrical functions. An abstract of the first appears also in the ‘ Journal 
of the Institute of Actuaries,’ vol. xvii. pp. 352-354. 

Briggs^ 1617. Logarithms of numbers from unity to 1000 to 14 places 
of decimals. This was the first table of Briggian logarithms calculated or 
published. Neither author’s name nor date nor place appears on the titlo- 
pago of the work, which is a mere tract of 16 pp. (at all events in the Brit. 
Mus. copy) ; but that it was published by Briggs in 1617 is beyond doubt 
(see ‘ Phil. Mag.’ loc, clL below). 

The preface concludes with the motto ‘‘In tenui; sod non tenuis fructusve 
laborve.” On the work see the introductory remarks to this Article, and 
also ‘Phil. Mag.’ December (Supplementary No.) 1872. It is stated by 
Hutton and all the other writers to bo an 8-place table ; but it really is as 
described above. Ono reason for the universal error is that copies are so 
extremely rare that we have only been able to see ono viz. that in the British 
Museum, in the catalogue of which it is entered under Logarithms, and 
marked as of [1695 ?]. The book is not in the printed Bodleian Catalogue. It 
is peculiarly interesting as being the first publication of decimal logarithms. 
Nearly all the descriptions and bibliographies will be found very erroneous, 
several confounding it with Wright’s translation of Napiee’s ‘ Canon ’ (seo 
§ 3, art. 17). 

Briggs^ 1624. Logarithms of numbers from 1 to 20,000, and from 90,000 
to 100,000, to 14 places, with interscript differences. The characteristics to 
the logarithms are given ; and this has led to the table being sometimes erro- 
neously described as being to 15 places. The table occupies 300 pages. 

* We think we remember to have met With another among the Birch MSS. in tho 
British Museum. 
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Several lists of errata in this work have been given — viz. by Vlacq 
in his ‘ Arithmctica,’ by Shebwin in his tables, by Vega (folio, 1794), by 
Lepobt (‘ Annales do rObservatoire do Paris’). The introduction occupies 
88 pages, and is in Latin, 

In some copies there is an additional chiliad added, so that the range of 
the second portion of the table is from 90,000 to 101,000 ; and there is a 
table of square roots of numbers up to 200, to 10 places, occupying the last 
two pages : these copies are very rare. There is one in the Library of 
Trinity College, Cambridge, with the following note in it by Dr. Brinkley : — 
This is a very scarce copy, having an addition very rarely to be met 
with. Vide Hutton’s preface to his ‘ Logarithms,’ p. 33, who could never 
find a copy with the addition.” Mr. Merrifield has also one of these 
copies. 

On this work sec the introductory remarks to this Article. 

Tables du Cadastre. On the proposition of Carnot, Prieur, and Brunet, 
the French Government decided in 1784 that new tables of sines, tangents, 
&c., and their logarithms, should be calculated in relation to the centesimal 
division of the quadrant. Prony was charged with the direction of the work, 
and was expressly required non seulement a composer des Tables qui no lais- 
sassent rien a desirer quant a Pexactitude,mai8ti en fairc le monument de calcul 
le plus vaste et le plus imposant qui ciit jamais etc cxecutd ou memo congu,” — 
an order faithfully carried out. Prony divided the calculators &c. into three 
sections : the first consisted of five or six mathematicians (including Legendre), 
who were engaged in the purely analytical work, or the calculation of the 
fundamental numbers ; the second section consisted of seven or eight calcu- 
lators possessing some mathematical knowledge ; and the third comprised 
the ordinary computers, 70 or 80 in number. The work, which was done 
wholly in duplicate, and independently by the two divisions of computers, 
occupied two years. 

As a consequence of the double calculation, there arc two manuscripts in 
existence, one of which has been long deposited in the Archives of the Obser- 
vatory ; the other, though supposed to be in the Archives of the Bureau des 
Longitudes, was in reality in the possession of Prony’s heirs, by whom it was 
presented to the Library of the Institute in 1858. 

Each of the two manuscripts consists essentially of 17 largo folio volumes. 


the contents being as follows : — 

Logarithms of numbers to 200,000 8 vols. 

Natural sines 1 vol. 


Logarithms of the ratios of arcs to sines from 0*^-00000 to 1 . , 

0*^’ 05000, and log sines throughout the quadrant . . 

Logarithms of the ratios of arcs to tangents from O^^-OOOOO 
to 0^^*05000, and log tangents throughout the 
quadrant 

It would take too much space to state the intervals &c. in detail. Speaking 
generally, the trigonometrical functions are given for every hundred-thousandth 
of the quadrant (10" centesimal or 3"-24 sexagesimal). The tables were all 
calculated to 14 places, with the intention of publishing only 12 ; but M. Le- 
fort, who has recently examined them, states that the twelfth figure may be in 
error by as much as 0' 8 of a unit in this place, though a little additional care 
would have rendered it more accurate. The Institute copy has als%a table of the 
first 500 multiples of certain sines and cosines ; and the Observatory copies 
have an introduction containing, among several other subsidiary tables, the first 
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2(3 powers of ^ to 28 figures. It may be mentioned that the logarithms of 

10,000 primes were calculated to 19 places, and the natural sines for every 
minute (centesimal) to 22 places. This account of the ‘ Tables du Cadastre ^ 
has been abridged from a memoir by M. Lefort, in t. iv. (pp. [123]-[150]) of 
the ‘ Annalcs do PObservatoirc do Paris ’ (1858), where an explanation of the 
methods of calculation, with the formulae &c., is given. The printing of the 
table of natural sines was once begun. M. Lefort says that he has seen six 
copies, all incomplete, although including the last page. Be Morgan also men- 
tions that he had seen some of the proofs. Eabbage compared his table with 
the ‘ Tables du Cadastre and M. Lefort has given, by means of them, most 
important lists of errors in Ylacq and Briggs ; but these are almost the only 
uses that have been made of tables the calculation of which required so great 
an expenditure of time and money. In 1820,’’ says Be Morgan, “ a dis- 
tinguished member of the Board of Longitude, London, was instructed by our 
Government to propose to the Board of Longitude of Paris to print an abridg- 
ment of these tables, at the joint expense of the two countries. £5000 was 
named as the sum which our Government was willing to advance for this 
purpose ; but the proposal was declined ” (Penny Cyclopaedia, Article 
“ Prony ”). The value of the logarithms of numbers is now materially 
lessened by Mr. Bang’s seven-figure table from 20,000 to 200,000 (see 
Saxo, 1871, in this Article). 

Hogg (p. 241 ) gives the title IN'oticc sur Ics grandes tables logarithm, et 
trigonom. calculecs au Bureau du Cadastre,” Paris, an IX. (=1801), and 
on the subject gives a reference to Benzciibcrg’s ‘ Angewandto Gcora.’ iii, 
p. 557. 

Hill, 1799. Five-figure logarithms from 1 to 100 and from 1000 to 
10,000, printed at full length, and with characteristics — no differences 
(pp. 23-38). The author was an accountant; and the table was intended 
for commercial purposes, its use in which is explained in the book, 

Reishammer, 1800. These are commercial logarithms, intended for 
merchants &c. When the number is less than unity, the logarithm of its 
reciprocal (which the author calls the logaritJime negatif) is tabulated; if 
greater than unity, its OAvn logarithm (/o^anV/iw^posiY?/). The first table 
(which only occupies 2 pages) gives the logaritlimes neyatifs of the frac- 
tions from to 1, at intervals of to 5 places (the characteristics are 
given, and not separated from the other figures). This is followed by the 
principal table, which occupies 117 pages. On the first page are given the 
Jogarithmes negatifs of 128 fractions, viz. of all proper fractions whose deno- 
minators arc GO, *48, 40, or 32, arranged in order thus: — 

• • • • ts'j logarithms are jpositifs ; and the argu- 

ments proceed from 1 to 111, with the 128 fractions just described inter- 
mediate to each integer. Thus wo have l^jj, l-jig-, &c., 2^, 2-jL, &c., as 
arguments. The arguments then proceed from 111 to 207 at intervals of 
from 207 to 327 at intervals of thence to 807 at intervals of and 
from 808 to 10,400 at intervals of unity, — all to 5 places. The characteristics 
are given throughout. A page of proportional parts is added. 

There are besides several small tables, to facilitate the calculations, only 
one of which requires notice. It gives on a folding sheet the 128 fractions 
previously described, expressed as fractions with denominators 100 and 10, 
and also (when the numerator is integral) expressed as fractions with de- 
nominators 60, 48, 40, 32, 30, 24, 20, 16, 15, 12, 8, 6, 5, 4, 3, 2. Thus ^ 
«=10-j^\-~100, and=i- 2 ^^“rl 0 ; as it cannot be expressed in lower terms 
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(or higher terms with any of the above denominators), it only appears as 5 in 
the 48 column. 

In reference to a work by Girtannor (1794) which we have not seen, but 
which appears to be very similar to the present, Do Morgan justly remarks, 
“ But it will not do : Mohammed must go to the mountain. Wien coin- 
age, weights, and measures are decimalized, the use of logarithms will follow 
as a matter of course. It is useless trying to bring logarithms to ordinary 
fractions.” 

Rees’s Cyclopaedia (Art. Logarithms,’’ vol. xxi.), 1 81 9. Seven-figure 
logarithms of numbers from 1000 to 10,000, with differences ; arranged in 
groups of five. 

Schron, 1838. Three-figure logarithms to 1400, and five-figure logarithms 
to 14,000, with corresponding degrees, minutes, &c., and proportional parts. 
Of the 20 pages 4 are occupied with explanations Ac. The arrangement is as 
in seven-figure tables. 

Steinberger, 1840. The titlepagc is misleading ; the logarithms do not 
extend from 1 to 1,000,000, but onlj^ from ] to 10,000. The only pretext 
for giving 1,000,000 as the limit is that, of course', two additional figures may 
bo obtained by interpolation ; but on this principle ordinary seven-figure 
tables should be described as extending, not to 100,000, but to 10,000,000. 

The first five figures of the logarithms are printed in larger typo than, and 
separated by an interval from, the last two, so that the table may bo more 
conveniently used cither as a five- or seven-figure table ; the change of 
figure is denoted by an asterisk prefixed to all the logarithms aficctcd. The 
figures, though largo, arc not clear, tlie appearance of the page being dazzling ; 
the 6's and 9’s also seem too large for tlie other figures, and after all arc not 
very readily distinguishable from the O’s. Ko differences or proportional 
parts are given. 

Montferrier’s Mathematical Dictionary, 1840. Under the Article 
^‘Logarithmes,” in t. iii. (the sujDplcmeutary volume) is given a table of four- 
figure logarithms of numbers from 1000 to 10,000 (pp. 271-279). 

In the same volume (p. 252, facing letter L) is given a table of logarithms 
of the numbers from 1 to 420 to base 2 to five places, the only table of the 
kind we have met with. 

Babbage, 1841. Seven-figure logarithms of numbers from 1 to 1200 and 
from 10,000 to 108,000, with differences and proportional parts (the last 
8000 are given to 8 places). Degrees, minutes, and seconds are also added, 
but they arc divided from the numbers by a thick black line, and are printed 
in somewhat smaller type, so that they are not so obtrusive as in Callet and 
others. On the last page there are a few constants. 

Great pains were taken with the preparation of this table (which is stereo- 
type), with the view of ensuring the maximum of clearness &c., and with 
success. The change of figure in the middle of the block is marked by a 
change in type in the fourth figure in all the logarithms affected. This is, 
we think, with the exception of the asterisk, the best method that has been 
used. The chief defect, or rather point capable of improvement, is that the 
three leading figures in the logarithms are not separated, or in any way dis- 
tinguished, from the rest of the figures in the block, as is the case in Callet 
and others. The table was read (wholly or partially) altogether nine times 
with different tables of logarithms (four of these readings were made after the 
stereotyping), and is no doubt all but perfectly correct. 

One feature of this table is that every last figure that has been increased is 
marked with a dot subscript, ' 
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We know of only two errors : viz., in log 52943 the last figure should bo 
5 instead of 6 ; and in log 102467 the last two figures should be 02 instead of 
92. The occurrence of the former of these errors is very remarkable, as the 
logarithm is correct in Yega (folio, 1794), with which the table was read 
twice (see Sang, ‘ Athenaeum,’ June 8, 1872, and Glaisher, ‘ Athenaeum,’ 
June 15, 1872, or ‘ Journal of the Institute of Actuaries,’ July 1872 and 
January 1873). The latter is given in Gould’s (American) ‘ Astronomical 
Journal,’ vol. iv. p. 48. 

Copies of the book were printed on papers of different colours — yellow, 
brown, green, &c., as it was considered (no doubt justly) that black on a 
white ground fatigues the eye more than any other combination Yellow 
or light brown seem the colours most preferred by computers, green not being 
very satisfactory. 

In the preface to his tables (1849), Mr. Filipowski writes : — Babbage’s 
‘ Tables of Logaritlims,’ which probably are the most accurate of aU; for, by 
the aid of his ingenious calculating machine, ho was enabled to detect a 
variety of errors in former tables.” This is untrue. 

[ScheutZ) 1857.] Five-figure logarithms, from 1000 to 10,000, calcu- 
lated and printed by Scheutz’s calculating machine : specimens of a 
few other tables are added. A history and description of the machine &o, 
is given. 

Sang, 1859. Five-figure logarithms, from 1000 to 10,000, arranged as 
ill a seven-figure table ; no differences. 

Gray, 1865. The table in this tract is rather an auxiliary table to 
facilitate the calculation of logarithms to twelve places, than a table itself. 
The tables at the end of the work (see p. 2 of the Introduction) give 
log (l-f-*001n), log (1 4-*00Pw), log (l-4-*001^n), from n=0 to ^==999, at 
intervals of unit}^ to twelve places. The use of the seqiiantitios in the cal- 
culation of logarithms is well-known (see, 6.^., Introduction to Bhokthede’s 
Tables, vol. i. 1849). Pages 43-55 are occupied with the history of the 
metiiod, and will be found valuable and interesting. The rest of the book 
is devoted to explanations &c, 

Weddle’s method of calculating the logarithms of numbers by resolving 
them into the reciprocals of series of factors of the form 1 — r being a 
digit, and then using a subsidiary table of the logarithms of those factors, is 
fully explained, as also are some improved methods of Mr. Gray’s own, 
depending substantially on the same principle ; and all are illustrated with 
full numerical examples. The whole constitutes the most complete account 
of the simplest and best of the known methods for the calculation of isolated 
logarithms that we have met with ; and any one engaged on work of this 
kind would do well to consult it. Of course for calculating a table, the 
method of differences, as Mr. Gray remarks, is the best. A portion of this 
tract appeared in the ‘ Mechanics’ Magazine ’ for 1848 \ and the whole is 
reprinted from the ‘Assurance Magazine and Journal of the Institute of 
Actuaries.’ 

Pineto^ 1871. This work consists of three tables; the first (Table 
auxiliaire) contains a series of factors by which the numbers whose logarithms 
are required are to bo multiplied to bring them within the rang.e of 
Table 2, and occupies three pages. It also gives the logarithms of the 
reciprocals of the factors to twelve places. Table 1 merely gives logarithms 
to 1000, to ten places. Table 2 gives logarithms from 1,000,000 to 1,011,000, 

“ Of all the things that are meant to be read, a black monumental inscription on white 
marble in a bright light is about the most difficult.” — ^De Morgah* 
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to ten places ; ilio left~liand pages contain the logarithms, and the right- 
hand pages the proportional parts, which are given for every hundredth 
of the differences. The change in the line is denoted by an asterisk ; and 
the last figure is underlined when it has been increased. 

The mode of using the tables is as follows : — If the first figures of the 
number lie between 1000 and 1011, the logarithm can bo taken out directly 
from table 2 ; if not, a factor M is found from the auxiliary table, by which 
the number must be multiplied in order to make its initial figures lie between 
these limits, and so bring it within the range of table 2. After performing 
this multiplication the logarithm can be taken out ; and to neutralize the 


effect of the multiplication, as far as the result is concerned 



must 


be added ; this quantity is therefore given in an adjoining column to M in 
the auxiliary table. A similar procedure gives the number answering to any 
logarithm, only that another factor (approximately the reciprocal of M) is 
given, so that in both cases multiplication is used. 

The laborious part of the work is the multiplication by the factor M ; 
but this is compensated to a great extent by the ease with which, by the 
proportional parts, the logarithm is taken out. Great pains have been taken 
to choose the factors M (which are 300 in number) so as to minimize this 
labour ; and of the 300 only 25 consist of three figures all different and not 
involving 0 or 1. Whenever it was possible, factors containing two figures 
alike or containing a 0, or of only one or two figures, have been found. The 
process of taking out a logarithm is rather longer than if Ylacq or Yega 
were used ; but, on the other hand, the size of this book (only about 80 pp. 
8vo) is a great advantage, both of the former works being large folios. Also 
both Ylacq and Yoga are so scarce as to be very difficult to procure ; so that 
Piueto’s table will bo often the only ten-figure table available for any one who 
has not access to a good library ; and on this account it is unique. Though 
the principle of multiplying by a factor, which is subsequently cancelled by 
subtracting its logarithm, is frequently employed in the construction of tables, 
this is, we believe, the first instance in which it forms part of the process of 
itsvig the table. By taking the numbers to 12 instead of 10 places, in a 
manner explained in the introduction, greater accuracy in (he last place 
is ensured than results from the use of Ylacq or Yega. It is not stated 
whether the table is stereotyped ; so we presume it is not. 

On the last page (p. 50) are given the first hundred multiples of the 
modulus and its reciprocal to 10 places. (Notices and examples taken from 
Pineto’s tables will be found in the ‘ Quarterly Journal of Mathematics ’ for 
October 1871, and the ‘ Messenger of Mathematics ’ for July 1872.) 

Sang^ 1871. Ten -figure logarithms, from 1 to 1000, and seven-figure 
logarithms, from 20,000 to 200,000, with differences and multiples (not pro- 
portional parts) of the differences throughout. 

The advantages arising from the table extending from 20,000 to 200,000, 
instead of from 10,000 to 100,000, are, that whereas in the latter the dif- 
ferences near the beginning of the table arc so numerous that the propor- 
tional parts must either be very crowded or some of them omitted, and even 
if they are all given the interpolation is inconvenient, in a table extending 
from 20,000 to 200,000 the differences are halved in magnitude, while the 
number of them in a page is quartered ; the space gained enables multiples 
instead of proportional parts to be given. 

The table is printed without rules (except one dividing the logarithms 
from the numbers) ; and the numbers are separated from the logarithms by 
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reversed commas. The absence of rules does not appear to us by any 
means an unqualified advantage ; and a further drawback is that numbers 
and logarithms are printed in the same type. The change of figure in the 
line is denoted by an Arabic nokta (a sign like the diamond in a pack of cards); 
and this, though very clear for O's, leaves the other figures unchanged, and 
is greatly inferior in all points of view to the simple asterisk prefixed, or the 
small figure as used by Babbage. 

In spite of these drawbacks the table is very convenient, and has 
advantages possessed by no other, as, in addition to the greater ease with 
which the interpolations can be performed, greater accuracy is obtained — the 
last figure being often inaccurate by one or two units in logarithms inter- 
polated from the usual seven-figure tables. We find, however, that computers 
prefer Babbage, except for numbers beginning with 1. 

The logarithms of the numbers between 100,000 and 200,000 wore calcu- 
lated de novo by Mr. Sang, as if logarithms had never been computed before ; 
and a very full account of the method and manner in whicli the calcula- 
tions were performed is given by him in the ‘ Edinburgh Transactions,’ 
vol. xxvi. fit. iii. (1871). This is the only calculation of common logarithms of 
numbers since the days of Vlacq, 1G28 (except the French manuscript tables). 

Two errors in the book (which is stercotjq^ed) were pointed out in the 
‘Athenaeum’ for June 8 and 15, 1872, viz. the last figures of log 389G2 and 
52043 should be 2 and 5 instead of 3 and G respectively. 

Mr. Peter Gray has kindly communicated to us the following six im- 
portant errors which have been discovered and communicated to Mr. Sang 
(or found on revision) and circulated by him in certain later copies of his 
tables : — 

Page 203, log 118536, /or 9503 read 8503 
„ „ log 118537, „ 9539 „ 8539 

„ „ log 118538, „ 9576 „ 857G 

„ 220, log 127340, „ 0348 „ 9G48 

,, 312, log 173339, „ 9863 „ 8963 

„ 354, for number 19540 read 19440. 

The following is a classified list of the tables of logarithms contained in 
works that arc described in § 4 : — 

Tables of Logarithms of Numbers (to more than 20 places). — SnAiir, 
1717 [T. IV.] (61 places) ; Sherwin, 1741 [T. I.] and [T. II.] (61 places); 
Hobert and Ideler, 1799 [T. III.] (36 places); Byrne, 1849 [T. lY.] 
(50 places); Callet, 1853 [T. III.], I. and II. (61 places); Hutton, 1858, 
T. 5 and 6 (61 places, early editions only) ; Parkhurst, 1871, T. II., III., 
and IX. (102 places), and T. XVIII. (61 places). 

(To 20 places) Garbiner, 1742, and (Avignon) 1770 [T, IV.] and [T. V.]; 
Parkhurst, 1871, T. XIII. and XIV. 

(To 15 places) Douglas, 1809, T. IV., Supplement. 

(To II places) Borda and Delambre, 1800 or 1801 [T. II.] ; Kohler, 
1848 [T. III.] ; Callet, 1853 [T. II.], I. and II ; Ho1;el, 1858, T. V. 
(table to calculate logarithms) ; Hutton, 1858, T. IT. and HI. 

(To 10 places) De Decker, 1626 [T. I.] ; Henrion, 1626 [T. I.] ; Vlacq, 1628 
and 1631 [T. I.] ; Vlacq, 1633 [T. II.] ; Vega, 1794 [T. I.] ; Hantschl, 
1827, T. IV. ; ^Salomon, 1827, T. VIII. ; Parkhurst, 1871, T. XII. 

(To 8 places) John Newton, 1658 [T. I.] ; Houel, 1858, T. IV. (table to 
calculate logarithms) ; Parkhurst, 1871, T. XXXVII. 

(To 7 places) rAULHABER’(Logarithini), 1631 ; Norwoob, 1631 ; Koe,1633, 
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T. I.; OuaHTRED, 1657 [T. II.]; Sir J. Moore, [|681 [T. I.]; Vlacq, 
1681 [T. IL]; OzANAM, 1685; Gardiner, 1742, and (Avignon) 1770 
[T, I.]; Sherwin, 1741 [T. III.]; Dodson, 1747, T. XXXII.; Hentschen 
(Vlacq), 1757 [T. II.]; Schulze, 1778 [T. I.] ; Bonn, 1789, T. I. ; Tatlor, 
1792 [T. I.] and [T. II.]; Yega, 1797, T. I.; Vega, 1800, T. I.; Borda 
and Delambre, 1800 or 1801 [T. I.]; Douglas, 1809 [T. I.], and Supple- 
ments; Lalande, 1829 [T. I. j ; Hassler, 1830 [T. I.]; Gruson, 1832, 
T. I, ; Turkish Logarithms (1834) ; [De Morgan] 1839 [T. II.] ; Farley, 
1840, T. II.; HElsse's Yeoa, 1840, T. I.; Trotter, 1841 [T. IX.]; 
Shortrede (Tables), 1844, T. L ; Minsinger, 1845 [T. I.] ; Kohler, 1848 
[T. I.] ; Shortrede, 1849, T. I. ; Willich, 1853, T. XX. ; Callet, 1853, 
T. I. ; Bremiker’s Yega, 1857, T. I. ; Hutton, 1858, T. I. ; Schron, 1860, 
T. I. ; Wackerbarth, 1867, T. I. ; Dupuis, 1868, T. I. and II.) ; Bruhns, 
1870, T. I. 

(To 6 places) Dunn, 1784 fT. I.] ; Adams, 1796 [T. I.] ; Maskeltne (Ee- 
quisite Tables, Appendix), 1802, T. III. ; Mackay, 1810, T. XLY. ; Wallace, 
1815 [T. I.]; Ducom, 1820, T. XXL; Lax, 1821, T. XYIII. ; Kerigan, 
1821, T. X.; Eiddle, 1824, T. Y. ; Ursinus, 1827 [T. I.]; Galbraith, 
1827, T. II. ; ^Salomon, 1827, T. VII. ; J. Taylor, 1833, T. XYIII. ; 
XoRiE, 1836, T. XXIY. ; Jahn, 1837, Yol. I. ; Farley, 1840 [T. I.] ; Trotter, 
1841 [T. I.] ; Griffin, 1843, T. 17 ; J. Taylor, 1843, T. 4 ; EtJMicER, 1844, 
T. I. ; Coleman, 1846, T. XX. ; Eaper, 1 846, T. I.; Domke, 1852, T. XXXII. ; 
Bremiker, 1852, T. I. ; Thomson, 1852, T. XXIY. ; Eaper, 1857, T. 64 ; 
Beardmore, 1862, T. 36 ; Inman, 1871 [T. YII.]. 

(To 5 places) Batf.s, 1781 [T. I.]; Mabkblyne (Eeqnisite Tables), 1802, 
T. XYIII. ; Bowdttch, 1802, T. XYI. ; Lalande, 1805 [T. I.] ; Eios, 1809, 
T. XY. ; Moore, 1814, T. lY. ; De Prasse, 1814 [T. I.j ; Pasquicii, 1817, 
T. I. ; Eeynaud, 1818 [T. I.] ; Schmidt, 1821 [T. I.] ; Stansbury, 1822, 
T. X. ; [Schumacher, 1 822 ?], T. Y. (arguments in degrees &c.) ; Hantschl, 
1827, T. I.; Bagay, 1829, T. XXIII. ; Kohler, 1832 [T. I.]; [De Morgan], 
1839 [T. I.] ; Gregory &c., 1843, T. XI.; MIjller, 1844 [T. I.] ; Stegmann, 
1855, T. I.; HotJEL, 1858, T. I.; Galbraith and Haughton, 1860 [T. I.], 
and [T. II.]; ^Schlomilch [1865?]; Eankine, 1866, T. I.; Wackerbarth, 
1807, T. I. 

(To 4 places) [Encke, 1828] [T. I.]; [Sheepshanks 1844] [T. I.]; 
Warnstorff’s Schumacher, 1845 [T. III.] ; HotEL, 1858, T. YI. ; Anony- 
mous [1800 ?] (on a card) ; Oppolzer, 1866. 

See also Shortrede (Comp. Log. Tab.), 1844; Parkhurst, 1871, T. 
XXYII. and XXYIII. 

Art. 14. Tables of Antilogarithms* 

In the ordinary tables of logaiitlims the natural numbers are all integers, 
•while the logarithms tabulated are only approximate, most of them being 
incommensurable. Thus interpolation is in general necessary in order to 
find the number answering to a given logarithm, even to five figures. It 
was natural therefore to form a table in which the logarithms were exact 
quantities, '00001, *00002, *00003 .... to *99999, &c., and the numbers in- 
commensurable. Few of such tables have been constructed, as for most 
purposes the ordinary tables are sufficiently convenient, and computers much 
prefer to have only one work to refer to. The earliest antilogarithmic table 
is Dodson, 1742 ; and the only others of any extent are Shortrede (1844 
and 1849) and Filipowski (1849), described in § 4. Mr. Peter Gray has 
a large twelve-figure antilogarithnjio table far ad.vanced towards completion ; 
\)ut whether it will be published is uncertain. 
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Dodson^ 1742 (Antilogarithmic Canon). Numbers to eleven places 
corresponding to logarithms from *00000 to 1*00000, at intervals of *00001, 
arranged like a seven-figure logarithmic table, ■with interscript differences, 
and proportional parts at the bottom of the page. The changes in the fourth 
figure in the middle of the column, both in the numbers and the differences, 
are marked by points and commas, but not very clearly. There is an intro- 
duction of 84 pages ; and the tables occupy about 250 pages. 

In page ix of the Introduction an extract is given from Wallis, who states 
that Harriot began, and Warner completed, a table of antilogarithms, which 
was ready for press fifty years before. This was told Wallis by Dr. Pell, who 
had assisted Warner in the calculation ; and WaUis mentions that he had 
himself seen the calculation thirty years before, among Harriots or Warner’s 
papers. Dr. Pell subsequently informed WaUis that the papers were in the 
hands of Dr. Busby, and that he (Dr. Pell) hoped to publish them shortly. 
Dr. Pell died in 1685 ; and at the time Wallis wrote Dr, Busby was 
also dead, and the printing had not been begun. Speaking of this manu*- 
script Do Morgan remarks : — “ All our efforts to trace it, by help of published 
letters <fec.*, lead to the conclusion that, if existing, it must bo among Lord 
Macclesfield’s unexamined manuscripts at Sbireburn Castle : this is by no 
means improbable.” See, however, some additional information and im- 
portant remarks by De Morgan, ‘ Budget of Paradoxes ’ (1872), pp. 457, 458. 

A list of thirty-six errors affecting the first eight figures in Dodson’s 
canon is given by Pilipowski in the preface to his ‘Antilogarithms’ (1849). 
Mr. Peter Gray (‘ Insurance Record,’ June 9, 1871) says that in 1847 ho had 
collected a list of 1 25 errors in Dodson ; these he communicated to Shobtkede, 
and they were corrected in the plates of his tables (1849), Dodson’s work 
is unique of its kind, and it remained the only antilogarithmic canon for 
more than a century after its completion, till in 1844 Shortrede published 
the first edition of his tables ; in 1849 he published his second edition ; and 
in the same year Pilipowbki’s tables appeared. 

For hyperbolic antilogarithms (viz. e* and e“*) see under misceUaneous 
tables (§ 3, art. 25). 

The following are antilogarithmic tables described in § 4 

Antilogarithmic Tables, — Gardiner, 1742, and (Avignon) 1770 [T. VI.] 
(20 places); Dodson, 1747, T. XXXIII.; [SnEEPsnANKs, 1844J [T. VII.]; 
SnoRTKEDE (Comp. Log. Tab.), 1844 ; Shortrede (tables), 1844, T. II., and 
1849, T. II. ; Filipowski, 1849, T. I. ; Caleet, 1853 [T. II.], III. ; Steomann, 
1855, T. II.; HohEL, 1858, T. VI. ; Hutton, 1858, T. IV.; Anonymous 
[1860 ?] (on a card) ; Parkhurst, 1871, T. XXVII., XXVIII., and XXXV. 


Art. 15. Tables of {Briggian) Logarithmic Trigonometrical Functions, 

A general account of the introduction of Briggian logarithms is given in 
§ 3, art. 13 ; and Napier’s ^ Canon Mirificus’ (1614), containing a Napierian 
logarithmic canon, is described in § 3, art. 17. The first table of decimal 
logarithms of numbers was published by Briggs in 1617, and the first 
(decimal) logarithmic canon by Gunter in 1620 (see below), giving the 
results to 7 places. The next calculation was by VnAcq, who appen^d to 
his ^Centum Chiliades’ in the ‘ Arithmctica’ of 1628 a minute logarithmic 
canon to 10 places, obtained by calculating the logarithms of the sines &o. 
of Rheticus, After the publication of his ‘ Arithmetica ’ in 1624, Briggs 
devoted himself to the calculation of logarithmic sines &c., and at his death 
in 1631 had all but completed a ten-decimal canon to every hundredth of a 
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degree. This was published by Ylacq at his own expense at Gouda in 
1633, under the title ^ Trigonometria Britannica ’ (see below) : the intro- 
duction was written by Gellibrand, by whose name the book is sometimes 
cited. In the same year Ylacq published his ‘ Trigonometria Artificialis,’ 
containing a ten-second canon to ten decimals. Gunter^s original table 
contains a good many errors in the last figures ; and a very slight comparison 
shows whether any particular table was copied from Gunter or Ylacq ; 
Henrion, 1626, and de Decker, 1626 (§ 4), are from the former, Faulhaber 
(§ 4), 1631, from the latter. Briggs appreciated clearly the advantages of 
a centesimal division of the quadrant, and, by taking a hundredth of a degree 
instead of a minute, made a step towards a reformation in this respect ; 
and Hutton has truly remarked that, but for the appearance of Ylacq’s 
work, the decimal division of the degree might have become recognized, 
as is the case with the corresponding division of the second*. 

The next great advance on the ^ Artificialis ’ was more than a century and 
a half afterwards, when Michael Taylor (1792) published his seven-decimal 
canon to every second (§ 4). On account of its great size, and for other reasons, 
it never came into very general use, Baoay’s 1829 (§4) being preferred ; 
the latter is now, however, very difficult to procure. The only other canon 
to every second we have seen or heard of is Shortrede’s, 1844 and 1849 
(§ 4), which is the most complete as regards proportional parts &c. that wc 
know of. The canon is in modern editions issued separately. 

Lalande (^ Encyclopedic M^thodique. Mathematiques,’ Ast. Tables) states 
that in April 1784 he received from M. Ilobert, cure of St. Genevieve at 
Toul, a volume of sines for every second of the quadrant, and soon after 
the tangents ; but he had heard that Taylor, in England, was engaged in 
publishing log sines and cosines to every second, and that the Board of 
Longitude had contributed £300 to the expense. These volumes were pur- 
chased by Babbage at the sale of Delambre’s library, and they appear in the 
Babbage Catalogue (only the title of the table of sines is given ; but it is to 
be presumed that the library contains both, as two volumes arc spoken of). 
Babbage lent them in 1828 to the Board of Longitude ; and some errata in 
Taylor, 1792, were found by means of them. [They are now (1873) in the 
possession of Lord Lindsay, who has purchased the whole of Mr, Babbage’s 
mathematical library.] 

No ten-decimal canon to every second has been calculated. The French 
manuscript tables are described in § 3, art. 13. Of logarithmic trigonometrical 
canons that have appeared the number is very great. \Ye may especially 
mention Callet, 1853 ; Bremiker’s Yeoa, 1857 ; Hutton, 1858 ; Schron, 
1860 ; Dupuis, 1868; and Bruhns, 1870. 

^ The centesimal division of the degree is of paramount importance, whereas the Cente- 
fiimal division of the right angle is of next to none at all ; and had the French mathemati- 
cians at the end of the last century been content with the former, it is not unlikely that their 
tables would have superseded the sexagesimal ones still in use, instead of having been almost 
totally ignored by computers. The hundredth part of a right angle is almost as arbitrary a 
unit as the ninetieth ; and no advantage (but on the contrary great inconvenience) would re- 
sult from the cliange ; but to divide the nonagesimal degree into centesimal minutes, and these 
into centesimal seconds, &c., in otlier words to measure angles by degrees and decimals of 
a degree, would ensure all the advantages of a decimal system (a saving of work in interpo- 
lations, multiplications, &c.). This Briggs and his followers, Koe, Oughtred, John Newton, 
&c., perceived and acted upon two hundred and fifty years ago ; and they seem to have 
shown a truer appreciation of the matter than did the French mathematicians. It may 
be taken for grant^ that the magnitude of the degree will never be altered ; but there is 
no reason why sexagesimal minutes and seconds ^ould not bo replaced by decimals of a 
degree ; and this is a change which might, and we hope will hereafter be made. 
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The chief tables in which the angle is divided completely centesimally are 
Callet 1853, Borda and Delambrb, and Hobert and Ideler. 

For the meaning of S and T (Delambrc’s tables), see § 3, art. 13, near tho 
end of the introductory remarks. 

Gunter^ 1620. Log sines and tangents for every minute of the quadrant 
(semiquadra n tally arranged) to 7 places. This is the first (Briggian) loga- 
rithmic trigonometrical canon calculated or published. The book is ex- 
tremely scarce ; and we have only seen one copy of it, viz. that in the British 
Museum, where it is bound up with Briggs’s ^ Logarithraorum Chilias Prima.' 
There is engraved on the titlepage a diagram of a spherical triangle, S P Z. 
De Morgan (who had never seen a copy) says that it also contains logarithms 
of numbers as far as 1000 ; but this is not correct. The Biitish-Museum copy 
has written in ink on the titlepage, Kadius autem verus est 10,000,000,000/’ 
This has reference to the fact that the logarithm of the radius is taken 
to bo 10, and is true in one sense, but not in the usual one, which 
is that, this being the radius, the sines &c. are true to the nearest unit. 
Custom has very properly decided to consider the radius of a logarithmic 
canon the same as what would bo the radius of the resulting natural canon 
if the logarithms were replaced by their numbers. We have not seen the 
second edition, in which no doubt the logarithms of numbers mentioned 
by De Morgan were added ; or it is just possible that some copies of 
Briggs’s * Chilias ’ (1617) w^ere issued with the ‘ Canon,’ both being bound 
together in the copy we have seen, and that this has given rise to the 
assertion. Gunter’s ‘ Canon ’ was also issued under an English title, ‘ A 
Canon of Triangles,’ &c. (Bodleian Catalogue) ; sec Phil. Mag. (Suppl. jSTo.) 
Dec. 1872. For a life of Gunter, see Ward’s ‘ Lives of the Professors of 
Gresham College,’ pp. 71-81. 

Briggs^ 1633 (‘ Trigonometria Britannica ’). Natural sines (to 15 
places) and tangents and secants (to 10 places), also log sines (to 14 
places) and tangents (to 10 places), at intervals of a hundredth of a degree 
from 0° to 45°, with interscript differences for aU the functions. The 
division of the degree is thus centesimal; but the corresponding argu- 
ments in minutes and seconds are also given, the interv’als so expressed 
being 36”. 

This table was calculated by Briggs ; but he did not live to publish it. The 
trigonometry is by Gellibrand. 

Gunter^ 1673. At the end of the work is given a table of log sines and 
tangents for every minute of the quadrant to 7 places, followed by seven- 
figure logarithms of numbers to 10,000. 

The table of log sines &c. is printed as it appeared in Gunter’s ^ Canon 
Triangulorum,’ 1620, as the last figures in very many instances differ from 
the correct values, which were first given by Vlacu in the ^ Arithmetica’ &c. 
(1628). 

This is the fifth edition of Gunter’s works; but we remember to have seen 
it stated somewhere that the works themselves (separate) were regarded 
as the first edition in this enumeration. 

Berthoud, 1775. At the end of the ^ Becueil des Tables n^cessaires 
pour trouver la longitude en mer,’ is a table of log sines to every minute of 
the quadrant to 6 places (pp. 25-34). 

Callet^ 1827 (‘ Log Sines &c.’). Log sines and tangents for every second 
to 5°, and log sines, cosines, tangents, and cotangents from 0° to 45°, at 
intervals of ten seconds, with differences, all to seven places. 

1873. 
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These ape the same as Callet ] 853 [T. IX. and X.] (§ 4), and were pub- 
lished separately, De Morgan states, to accompany Babbage^s logarithms of 
numbers ; they are in consequence printed on yellow paper ; but it is, both 
in colour and texture, very inferior to that used by Babbage. 

Airy^ 1838. Log sines and cosines from O*' to 24*^, at intervals of 
10* to 5 places. The proper sign is prefixed to each quantity : no diflPer- 
ences. The sines are on the left-hand pages, the cosines on the right-hand. 
As was remarked by Be Morgan, this is an eightfold repetition of one 
table ; it occupies 48 pp. The table is improperly described as having been 
“ computed under the direction ” &c. : it is, of course, only a simple re- 
arrangement. 

The following is a complete classified list of tables on the subject of 
this article contained in the works that are described in § 4, with several 
other lists appended. 

Log sines, tangents, secants, and versed sines, — (To 7 places) Willtctt, 
1853, T. B ; Hutton, 1858, T. IX. 

(To 5 places) Rios, 1809, T. XVI. (also log coversed &c.). 

Log sines, tangents, and secants. — (To 10 places) Vlacq, 1628 and 1631 
[T. II.]; Faulhaber (Canon), 1631. 

(To 7 places) Sir J. Moore, 1681 [T. III.]; Sherwin, 1741 [T. IV.]; 
Borda and Delambre, 1800 or 1801, T. VI. (centesimal) ; Douglas, 1809 
[T. II.]. 

(To 6 places) Bunn, 1784 [T. II.]; Adams, 1796 [T. II.]; Waiuacb, 
1815 [T. II.] ; J. Tatloe, 1833, T. XIX. ; Nohie, 1836, T. XXV. ; TEorrisB, 
1841 [T. in.]; Grifpin, 1843, T. 18; J, Tatloe, 1843, T. 6; RUmkee, 
1844, T. II. ; Coleman, 1846, T. XXIII. ; Rapee, 1846, T. IV. ; Bomke, 
1852, T. XXXV. ; Rapee, 1857, T. 68 ; Inman, 1871 [T. IV.]. 

(To 5 places) Maskeltne (Requisite Tables), 1802, T. XIX.; Bow. 
DITCH, 1802, T. XVII.; Mooee, 1814, T. V. ; Galbeaith, 1827, T. V. ; 
Geegort &c., 1843, T. IX. ; HoUel, 1858, T. II. 

(To 4 places) Gordon, 1849, T. IX. (cosecants). 

Log sines and tangents {only ). — (To 11 places) BoEDAand Belameee, 1800 
or 1801 [T. III.] (centesimal), and [T. V.] (logarithmic differences of sines 
and tangents). 

(To 10 places) Vlaco, 1633 [T. I.] ; Roe, 1633, T. I. (centesimal 
division of the degree) ; Vega, 1794, T. II. 

(To 8 places) John Newton, 1658 [T. II.] and [T. III.] (arguments 
partly centesimd). 

(To 7 places) de Decker, 1626 [T. II.] ; Heneion, 1626 [T. II.] ; Norwood, 
1631 ; Vlacq, 1081 [T. I.] ; Ozanam, 1685 ; Gardiner, 1742, and (Avignon), 
1770 [T. II.]; Dodson, 1747, T. XXXIV.; Hentschen (Vlacq), 1757 
fT. I.]; Schulze, 1778 [T. HI.] and [T. V.]; Bonn, 1789, T. III.; 
Taylor, 1792 [T. III.]; Vega, 1797. T. II.; Lambert, 1798, T. XXVI.; 
Hobeet and Ideler, 1799 [T. I.J (centesimal) ; Vega, 1800, T. II. ; (?) ‘Salo- 
mon, 1827, T. IX. ; Bagay, 1829, Appendix; Lalande, 1829 [T. II.]; 
Hassler, 1830 [T. IL-IV.]; Geuson, 1832, T. VII.; Turkish logarithms 
[1834] ; Hulsse’s Vega, 1840, T. II. ; Shortredb (Tables), 1844, T. III., 
and 1849, Vol. II. ; Kohler, 1848 [T. IV.] ; Callet, 1853 [T. VI.] (cente- 
simal), [T. IX.] and [T. X.] ; Bremikee’s Vega, 1857, T. II. and III. ; 
Hutton, 1858, T. VIII. ; Schron, 1860, T. II. ; Dupuis, 1868, T. VI., VII., 
and Vin. ; Beuhns, 1870, T. II. and HI. 

(To 6 places) Oughteed, 1667 [T. I.] (centesimal division of degree) ; 
PucoM, 1820, T. IX. ; Uesinus, 1827 [T. II.] and [T. V.]; J. Tatlob, 1833,. 
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T. XIX.; Nobik, 1836, T. XXV.; Jahk, 1837, Vol, 11. ; Fabley, 1840 
[T. II.] ; J. Taylor, 1843, T. 5 ; KtrMKEB, 1844 ; Domke, 1852, T. XXXIV. ; 
Bbemikeb, 1862, T. II. 

(To 5 places) Bates, 1781 [T. II.] ; Lalande, 1805, T. II. ; De Pbasse, 
1814 [T. IIJ ; Pabqxjich, 1817, T. II.; Reynaud, 1818 [T. II.]; Schmidt, 
1821 [T. II.]; Kohleb, 1832 [T. IL] ; [De Moroan], 1839 [T. III.]; 
Galbraith and Haughtoh, 1860 [T. III.] ; Waoeebbabth, 1867, T. III. 

(To 4 places) [Encke, 1828] T. II. ; Beverley (1833 ?), T. XVII, ; 
MtTLLBR, 1844 [T. IV.] ; [Sheepshanks, 1844] [T. III.] ; Wabnstobff’s 
Schumacher, 1845 [T. IV. J ; Thomson, 1852, T. XVI.; Oppoleeb, 1866; 
Parkhurst, 1871, T. XXX. and XXXL 

(Miscell.) Shortrede (Comp. Log. Tab.) 1844. 

Log sines and secants (only ), — (To 5 i^laces) Stansbury, 1822, T. H, 

Log sines (alone*) (for small arcs, sines =: tangents). — (To 7 places) 
Gardiner, 1742 [T. II.], and (Avignon) 1770 [T. II.] ; Hulsse’s Vega, 1840, 
T. II.; Kohler, 1848 [T. IV.]. 

(To 6 places) Mackat, 1810, T. XLVT. ; Kerioan, 1821, T. VIII.; 
Hanisciil, 1827, T. II. ; Farley, 1840 [T. III.]; Raper, 1846, T. III. ; 
Rvper, 1857, T. 66 and 67 ; Beardmore, 1862, T. 37 ; Inman, 1871 [T. HI.]. 

(To 5 places) [Schumacher, 1822?] T. VI.; [De Morgan] 1839 [T. IV.] ; 
Paper, 1846, T. II. ; Thomson, 1852, T. Xll, 

(To 4 places) [Sheepshanks, 1844] [T.II.]; Parkhurst, 1871, T. XXXVIII. 
(Expressed otherwise) AcadIimie de Prusse, 1776 [T. I.J ; Callet, 1853 
[T. VII.] (centesimal) (15 places). 

Log tangents {alone*) (for small arcs, sines = tangents). — (To 7 places) 
Gardiner (Avignon), 1770 [T. II.]. 

(To 6 places) Mackay, 1810, T. XLVII. ; Hantschl, 1827, T. III. 

Log versed sines {alone ), — (To 7 places) Sir J. !Moore, 1681 [T. IV.] ; 
[Sir J. Moore, 1681, versed sines] ; Douglas, 1809 [T. IV.] ; Farley, 1856 
[T. II.]. 

(To 6 places) EBmker, 1844, T. IV. 

(To 5 places) Kerigan, 1821, T. XI.; J, Taylor, 1833, T. XXI., and 
1843, T. 30. 

(To 4 places) Donn, 1789, T. V. 

Note , — Log rising (in nautical tables) = log versed sine. See next page. 
Log 8ec<ints {alone ), — (To 5 places) Thomson, 1852, T. XI. 

Miscellaneous, sec x, } log sec x, and | log sin .r, Croswell, 1791, 
T. I, ; log difF. sin., Borda and Delambre, 1800 or 1801 [T. V.] (centesimal) ; 
log (1 ± cos x), log I (1 + sin x) &c., llios, 1809, T. XVI. ; log tan 

Stansbury, 1822, T,D; log i (1 — cos x) &c., Stansbury, 1822, T. IT, ; 

log I (1 —cos x)y XoRiE, 1836, T. XXXI. ; log | (1— cos x), Coleman, 1846, 
T. XXL; log I (1— cos x)y Gordon, 1849, T. XVIIL. ; log ^ (1— cos x), 
Thomson, 1852, T. XIII. ; log cosec .r~ *54000, Thomson, 1852*; T. XV.; log 

sin Thomson, 1852, T. XXIII.; log ^ (1— cos x), Paper, 1857, T. 69; 
2 

t log I (1 — cos x) and log (1— -cos .r), Inman, 1871, T. V. and VI. 

The following are tables generally met with in nautical collections : — 

Log sines, tangents, and secants to every quarter-point , — (To 7 places) 

* Tables of sines and tangents are not unfrequently printed with the sines on the vertm 
and the tangents on the rectos of the leaves, or vice versa, so that practically they are sepa- 
rated ; but in such cases the table has usually been regarded merely as one of sines and 
tangents. 

F 2 
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Norib, 1836, T. XXIII. ; Shortrede (Tables), 1844, T. V. ; Doxn, 1789, 
T. II. (sines and cosecants onlj^* 

(To 6 places) Riddle, 1824, T. IV. ; Galbraith, 1827, T. lY. ; J. Taylor, 
1833, T. XVII. ; Trotter, 1841 [T. II.] ; Griffij^, 1843, T. 16 ; J. Taylor, 
1843, T. 3 ; Coleman, 1846, T. XIX. ; Domke, 1852, T. XXXII. ; Raper, 
1857 T 65. 

(To 5 places) Adams, 1796 [T. III.] ; Bowditch, 1802, T. XVI. ; Moore, 
1814, T. III. 

Log, I elapsed tiine^ mid time, and mshig , — (To 5 places) ^Donn, 1789, 
T. IV. ; Masked YNE (Requisite Tables), 1802, XVI. ; Boavditch, 1802, 
T. XIII. 

The three Tables are separated in the following: — (To 5 places) Mackay, 
T. XLVIII.-L. ; Moore, 1814, T. XXIII. ; Norie, 1836, T. XXVII.- 
XXIX. ; Domke, 1852, T. XX XVII. -XXXIX. 

We have thought it worth while to collect into one list below all the tables, 
giving log sines &c. to every second. It must be particular!}* noticed, how- 
ever, that in the groat majority of cases only the functions for the first few 
degrees of the quadrant are given to every second in the tables referred to, 
which should in all cases be sought in § 4. 

Tables of logarithmic trigonometrical functions to seconds. — Gardiner, 
1742 [T. il.], and (Avignon) 1770 [T. II.]; Schulze, 1778 |T. III.] ; 
Taylor, 1792, T. III. (for the whole quadrant) ; Veoa, 1794, T. II. ; Vega, 
1797, T. II.; Vega, 1800, T. II. ; Bucom, 1820, T. IX.; Xerigax, 1821, 
T. VIIL; [Schumacher, 1822?] T. VI.; *^Salomon, 1827, T. IX.; Bagay, 
1829, Appendix (for the whole quadrant) ; Hassler, 1830 [T. II.]; Jahn, 
1837, Vol. II. ; [De Morgan] 1839 [T. IV.] ; Hulsse’s Vega, 1840, T. II. ; 
Miller, 1844 [T. IV.]; Shortrede (Tables), 1844, T. III. and 1849, 
Vol. II. (for the whole quadrant); Raper, 184G, T. II.; Xohler, 1848 
[T. IV.] ; Bomke, 1852, T. XXXIV. ; Bremiker, 1852, T. 11. ; Callet, 18.53 
[T. IX.]; Bremiker’s Vega, 1857, T. II.; Raper, 1857, T. 60; Hutton, 
i858, T. VIII. ; Wackerbarth, 1807, T. III. ; 1)uputs, 1808, T. VI. and 
VII. ; Bruhns, 1870, T. II. ; Inman, 1871 [T. III.] and [T. VIII]. 

We have formed the folloAving lists of tables in § 4, which (not only in tho 
same work, but side by side in the same table) give both natural and 
logarithmic functions ; — 

Tables containing both natural and logarithmic functions (in the same table) , 
T— (To 15 places) Callet, 1853 [T. VII.] (centesimal). 

- (To 7 places) Sir J. Moore, 1081 [T. III.]; Vlacq, 1081 [T. I.] ; 
OzANAM, 1685 ; Sherwin, 1741 [T. IV.] and [T. V.] ; Hentschen (Vlacq), 
1757 [T. I.] ; Schulze, 1778 [T. V.] ; Bonn, 1789, T. III. ; Limbert, 1798, 
T. XXVI. ; Hobert and Ideler, 1799 [T. 1.] (centesimal) ; Willich, 1853, 
T. R; Hutton, 1858, T. IX. 

(To 6 2^1aces) Oughtred, 1657 [T. I.]; Ursinus, 1827 [T. V.]. 

(To 5 places) Houel, 1858, T. II. 

(To 4 places) Bonn, 1789, T. V. 

(Mixed) Bates, 1781 [T. II.]. 

Natural and log versed sines (in the same table). — (To 7 places) Sir J. Moore, 
1681 [T. IV.] ; [Sir J. Moore, 1681, versed sines]; Sherwin, 1741 [T. V.] ; 
PouGLAs, 1809, T. IV. 

Art. 16. Tables of Hyperbolic Logarithms (viz. logarithms to base 2*71828. . .), 

The logarithms invented by# Napier, and explained in the ^ Bescriptio ^ 
(1614) and ^ Construciio ’ (1619) (see § 3, art, 17), were not the same as 
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those now called hiji'^erholk (viz. to base e) and very frequently also Napierian 
logarithms. It is also to be noticed that ^N^apier calculated no logarithms of 
numbers. John Speidell, 1610 (see below), first published logarithms to 
base e both of numbers and sines. The most complete table of hj^perbolic 
logarithms is Base’s, described below, which could be used, though not so 
conveniently, as an ordinary seven-figure Eriggian table extending from 1000 
to 105,000. It would sometimes be useful to have also a complete seven- 
place table of hyperbolic logarithms of numbers from 1000 to 100,000, ex- 
actly similar to the corresponding Eriggian tables, as in some cases it is con- 
venient to perform calculations in duplicate, first by Eriggian, and then by 
hyperbolic logarithms ; and such a table would be of use in multiplying five 
figures by five figures : but hyperbolic logarithms cannot be rendered conve- 
nient for general purposes. 

The most elaborate hyperbolic logarithmic table is Wolfram’s, which prac- 
tically gives the hyperbolic logarithms of all numbers from unity to 10,000 
to forty-eifjht decimal places. It first appeared, wc believe, in Schulze (§ 4), 
and was reprinted in Vega, folio, 1794 (§ 4). 

Wolfram was a Dutch lieutenant of artillery ; and his table represents six 
years of very laborious work. Just before its completion he was attacked by 
a serious illness ; and a few logarithms were in consequence omitted in Schulze 
(see Introduction, last page but two, to vol. i. of Schulze). The omissions 
were supplied in Vega’s ‘ Thesaurus,’ 1794. De Morgan speaks of Wolfram’s 
table as oue of the most striking additions that have been made in the sub- 
ject of logarithms in modern times. 

Montucla (‘Histoire,’ vol. hi. p. 360) states that in 1781 Alexander Jom- 
bert proposed to publish by subscription new tables of hyperbolic logarithms 
to 21 places for all prime numbers to 100,000, with a table of all odd numbers 
of two factors to the same limit. The author was Dom Valleyre, advised by 
Dom Eobe, bcncdictinc of St. Maur. Only two hundred subscribers were re- 
quired before the commencement of the printing, and nothing was asked in 
advance; but the project fell through, no doubt for want of subscribers. 
We infer from this account that the table was calculated. 

The Catalogue of the Eoyal Society’s Library contains, under the name of 
Prony, the title, “ Porinules pour calculer I’effet d’unc machine a vapeur a 

detente et h un scul cylindre Tables do logarithmes hyperboliques oalcu- 

Ices de 100® cn 100® d’unite, fol. lithog.,” but without any reference to the 
place where the book is to be found in the library, so that we have not seen, it, 

Speidell, 1619. Logarithmic sines, tangents, and secants, scmiquadrantally 
arranged, to every minute, to five places. The logarithms are hyperbolic (viz. 
to base e), and the first of the kind ever published. When the characteristic 
is negative Speidell adds 10 to it, and does not separate the characteristic so 
increased from the rest of the figures by any space or mark. Thus he prints 
the logarithm of the sine of 21° 30' as 899625, its true value being 2*99625 ; 
but the logarithm of the cotangent is given as 93163 ; it would now be 
written *93163. The Koyal Society has “the 5-impression, 1623,” with the 
“ Brecfe Treatise of Sphaericall Triangles ” prefixed, and also some ordinary 
hyperbolic logarithms of numbers (the first published) &c. On this see De 
Morgan’s long account of Speidell’s works, who, however, had never seen the 
edition of 1619, in which the canon occurs by itself without the logarithms 
of numbers. We cannot enter into the question of Speidell’s fairness here» 
The 1619 copy we have seen (Cambridge Univ. Lib.) has an obliteration 
where, in the 1623 copy, there occur the words “ the 5-impres8ion.^^ 
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See«*a Oyelopndiaf 1819 (Art. “Hyperbolic Logarithms,” voL xriii.). 
Hyperbolic logarithms (to 8 places) of aU numbers from 1 to 10,000, arranged 
in groups of five. 

The table was calculated by Barlow, and appears also in his mathema- 
tical tables (1814), 

Dase, 1850 (Hyperbd ic Logarithms). Hyperbolic logarithms, from 
*1 to 1000, at intervals of unit}", and from 1000*0 to 10500*0 at intervals 
of 0*1 to seven places, with differences and proportional parts, arranged 
as in an ordinary seven-figure table. The change of figure in the line is de- 
noted by an asterisk jirefixod to all the numbers affected. The table is a 
complete seven-place table, as by adding log 10 to the results the range 
•is from 10,000 to 105,000 at intervals of unity. The table appeared in the 
34th part (new series, t. xiv.) of the ‘ Annals of the Vienna Observatory ’ 
(1851); but separate copies were printed, in the preface to which Base gave 
six errata. This portion of the preface is reproduced in the introduction by 
Littrow to the above volume of * Annals.’ The table was calculated to ten 
places, and three rejected. It was the author of* this table who also com- 
puted the factorial tables (§ 3, art. 8), and calculated the value of tt cor- 
rectly to 200 decimal places (Crelle’s Journal, t. xxvii. p. 198). 

Filipowski) 1857. Hyperbolic logarithms, from 1 to 1201, to 7 places, 
are appended to Mr. Eilipowski’s English edition of Napier’s ‘ Canon 
Mirificus.’ 

The following is a list of references to § 4 : — 

Hyperbolic logarithms of numbers, — (To 48 places) 8chulzk, 1778 [T. II.] ; 
Vega, 1794 [T. III.] ; Callet, 1853 [T. III.], I., and II. 

(To 25 places) Lambert, 1798, T. XVI. 

(To 20 places) Callet, 1853 [T. II.], I. and II. 

(To 11 places) Borda and Delambre, 1800 or 1801 [T. IV.]. 

(To 10 places) ^Salomon, 1827, T. VIII. 

(To 8 places) Vega, 1797, Vol. II. T. II. ; Barlow, 1814, T. VI. ; Hant- 
scHL, 1827, T. VI. ; HtLssE’s Vega, 1840, T. VI. ; Trotter, 1841 [T. XI.] ; 
Kohler, 1848, T. I. 

(To 7 places) Gardiner (Avignon), 1770 [T. VII.]; Lambert, 1798, 
T. XIIl.-XVI. ; WiLLicH, 1853, T. A ; Hutton, 1858, T. V. and VI. ; 
Dupuis, 1868, T. III. 

(To 5 places) IUnkine, 1866, T. 3 ; Wackerbarth, 1867, T. V. 

- See also *Schlomilch [1865 ?]. 

Art. 17. Napierian Logarithms {not to base 2*71828. . . .). 

The invention of logarithms has been accorded to Napier of Merchiston 
with a unanimity not often met with in reference to scientific discoveries. 
The only possible rival is Justus Byrgius, who seems to have constructed a 
rude kind of logarithmic table ; but there is every reason to believe that 
Napier’s system was conceived and perfected before Byrge’s in point of time; 
and in date of publication Napier has the advantage by six years. Further, 
Byrge’s system is greatly inferior to Napier’s ; and to the latter alone is the 
whole world indebted for the knowledge of logarithms, as (with the exception 
of Kepler, one of the most enthusiastic of the contemporary admirers of 
Napier and his system, who does allude to Byrge) no one ever suggested 
any one else as having been the author whence they had drawn their 
information, or as having anticipated Napier at all, tiU the end of the last 
century, when Byrge’s claim was^ first raised, though his warmest advocates 
always assigned far the greater ^rt of the credit of the invention to Napier. 
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On Byrge’s claim see De Morgan’s careful resume (article Tables,” under 
Justus Byrgius, 1620, in the ‘Eng. Cyclop./ where references are given), 
and Mr, Mark Napier’s ‘ Memoirs of John Napier of Merchiston,’ Edin- 
burgh, 1834 (where the question how far Napier received any assistance 
from his predecessors in the discovery is fully discussed). We have also seen 
‘Justus Byrg als Mathematikcr und dessen Einleitung in seine Logarith- 
men,’ by Dr. Gieswald, Dantzig, 1856, 4to (pp. 36). Napier’s ‘ Canonis 
Logarithmorum Mirifici Descriptio ’ (which contained the first announcement 
and the first table of logarithms) was published in 1614 ; and in 1619 (two 
years after his death, which occurred on April 4, 1617) appeared the ‘ Mirifici 
logarithmorum Canonis Constructio,’ edited by his son llobert, in which the 
method of constructing the canon is explained. The various reprints and 
translations of the ‘ Descriptio ’ and ‘ Constructio ’ are described under 
Napier, 1614 and 1619 ; and the relations between Napier and Briggs with 
regard to the invention of decimal logarithms are noticed in § 3, art. 13. 
The most elaborate canon of Napierian logarithms is Ursinus (1624-1625), 
described below. 

The difference between the logarithms introduced Napier and hyperbolic 
logarithms is explained under Napier (1614). We have paid considerable 
attention to the early logarithmic tables, and have examined all of them that 
were accessible to us ; and it is with some regret that we omit to notice them 
in detail here : the accounts of the smaller tables that immediately suc- 
ceeded Napier would be of only bibliographical or historical interest ; and to 
describe them with sufficient detail to render the accounts of value would 
occupy too much space. However, as the works of this period are very rare, 
it is worth while remarking that there is a copy of Napier’s ‘ Constructio ’ 
in the Cambridge University Library (there is none in the British Museum 
or Iloyal Society’s Library), where also are to be found Ursinus’s ‘ Cursus ’ of 
1618, Speidell 1619, and Kepler 1624: we have generally, in describing 
works of this date, mentioned the library containing the copy we have seen. 
We have found De Morgan to be very accurate (except where he has had to 
form his opinions from secondhand or imperfect evidence) ; and he has 
devoted much care to the early logarithmic tables, so that wo feel the less 
reluctance in omitting to notice them further here, 

Napier^ 1614. The book consists of 57 pp. explaining the nature of 
logaiithms &c., and 90 pp. of tabular matter, giving natural sines and their 
Napierian logarithms to every minute of the quadrant (semiquadran tally 
arranged) to seven or eight figures (seven decimals). Logarithmic tangents 
are also given under the heading differentice (they are the differences between 
the sine and cosine, which, though the latter name is not used, are both on 
the same line, as a consequence of the semiquadrantal arrangement of the 
table). 

The logarithms introduced by Napier were not hyperbolic or Napierian 
logarithms as we now understand these terms, viz., logarithms to the base e 
(2*71828 . . ), but somewhat different 5 the relation between the two being 

L 

d = 10" e“w 7 , or L == 10"loge 10"^ - 10" I, 

I being the logarithm to base e, and L the Napierian logarithm ; the relation 
between N (a sine) and L, its Napierian logarithm is therefore 

t 

N »» 10,000,000 riowooo . 
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the logarithms therefore decrease as the sines increase. A brief explanation 
of the principle of Napier’s own method is given by Professor Wackerbarth 
in vol. xxxi, p. 263 (1871) of the ‘Monthly Notices of the Iloyal Astro- 
nomical Society.’ The author of that communication there points out that 
the descriptioii in most elementary books of Napierian logarithms, as loga- 
rithms to the base is incorrect ; but this criticism appears to us irrelevant, 
as by calling certain logarithms Napierian it is not asserted that they are 
used at present in the exact form in whicli they were presented by Napier. 
A glance at the formula written above shows that all the essential features 
of logarithms to the base e are contained in Napier’s system, and that there 
is no impropriety in calling the former by his name. De Morgan says that 
“ Delambre proposed to call them [Napier’s logarithms] Napienan logarithms, 
and to restrict the term hyperbolic to the modern or e logarithms ; but 
custom has refused,”- — and no doubt very properly, as, except in mathematical 
histories &c., there is no occasion to distinguish the two systems from one 
another, Por our own part, wo should much prefer to see natural or 
hyperbolic and common logarithms universally called Napierian and Briygian, 
after the two great founders of logarithmic tables. 

A translation of Napier’s ‘ Canon Mirificus ’ was made by Edward Wright 
(well known in connexion with the history of navigation), and, after his death, 
published by his son at London in 1616, under the title “ A Description of 
the admirable Table of Logarithmes, &c.” (12mo). On account of the rarity 
of this work and the ‘ Constructio,’ the full titles of both are given in § 5. 
There is a short “ Preface to the Eeader ” by Briggs, and a description of a 
triangular diagram invented by Wright for finding the proportional parts. 
Napier’s table, however, is printed to one figure less than in the ‘ Canon 
Mirificus’ throughout. The edition was revised by Napier himself. On 
Wright, see Introduction to Hutton’s ‘ Mathematical Tables.’ The ‘ Canon 
Mirificus ’ was also reprinted by Maseres in the sixth volume of the * Scrip- 
tores Logarithmici ’ (1791-1807); and in 1857 Mr. Filipowski published 
at Edinburgh a translation of the same work (full title given in § 5 ; the tone 
of the Introduction renders any comment on it unnecessary). 

Both the ‘ Descriptio ’ (the ‘ Canon Mirificus ’) and the ‘ Constractio ’ 
were reprinted by Bartholomew Vincent at Lyons in 1620 (who thus first 
published logarithms on the Continent), the title of the former appearing on 
the titlepage as “ Logarithmorum Canonis Descriptio, sou ALrithmcticarum 
supputationum mirabilis abbreviatio. Ejusque usus in utraque Trigonometria 
ut etiam in omni Logistica Mathematica, amplissimi, facillimi expeditissimi 
cxplicatio. Aiithore ac Inventoro Joanne Nepero, Barone Morchistonii, &c., 
8coto. [Printer’s device with word Vincenii.] Lugduni. Apud Barth. Vin- 
centium, M.DC.XX. Cum privilegio Cmsar. Majest. & Christ. Galliarum 
Eegis.” The full title of Napier’s original edition of 1614 is given in § 5 ; 
and it will be seen that it is very different from that written above. Very 
many writers (including Montucla) give the title of Vincent’s reprint as that 
of the original work. There is an imperfect copy of Vincent’s reprint, 
containing only the ^ Descriptio ’ (the ‘ Constructio ’ having been torn out), 
in the British Museum ; but the Royal Society has a perfect copy. Wright’s 
translation of 1616 is in the British Museum. 

On the accuracy of Napier’s Canon see Delambre, ‘Astron. Mod.,’ t. i. 
p. 501, Mr. Mark Napier’s * Memoirs of John Napier^ gives nearly all that 
is known with regard to Napier’s life, MSS., &c. ; but it is told in a verbose 
3Wid diffuse manner, and writtep in a partisan spirit as regards Briggs. 

A manuscript on arithmetic and dgebra, written by Napier and left by 
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him to Briggs, was privately printed in 1839, under the title “ De Art© 
Logistica Joannis Naperi Merchistonii Baronis libri qui supersunt,” edited by 
Mr. Mark ^^apier. An historical sketch, mainly derived from the same 
author’s ‘Memoirs,’ is prefixed. In 1787 was also published ‘An account 
of the Life, Writings, and Inventions of John Napier of Merchiston,’ by 
David Stewart, Earl of Buchan, and Walter Minto, LL.D. Perth, 4to. See 
also Phil. Mag. Suppl. No., December, 1872, “On some early Logarithmic 
Tables.” Leslie (‘ Philosophy of Arithmetic,’ 2nd edit., 1820, p. 240) 
describes Napier’s work as “ a very small duodecimo the last word should 
be “quarto.” The page is 7*7 inches by 5*7 inches. 

We may remark that Napier’s name is spelt in a variety of ways ; wo 
have seen Neper, Naper, Nepair, and Nepper. He always Latinized his 
name into Neperus or Naperus, but spelt it in the vernacular several ways. 
The family now write the name Napier; and this spelling is generally 
adopted, and with good reason. 

Napier^ 1619 (‘ Constructio ’). This work contains no table, and is there- 
fore not properly included in this lleport. We have, however, noticed it on 
account of its being a sequel to the ‘ Descriptio,’ and also on account of its 
rarit)" (the full title is given in § 5). The only copy we have seen (in tho 
Cambridge University Library), which belonged to Oughtred, contains two 
titlepages. the first running “Mirifici logarithmorum canonis descriptio. , , . 
accesserunt opera posthuma ; primo, Mirifici ipsius canonis constructio .... 
Edinburgi. . . . 1019,” and the second being as given in § 5. From this we 
infer that a reprint of the ‘Descriptio’ (1619) was prefixed to the 
‘ Constructio,’ but that it was torn out from the copy we have examined. 

On the reprints, &c. of the ‘ Constructio,’ see under NAriER, 1014. 

Ursinus, 1024-1025. A canon exactly similar to Napier’s in the 
‘ Canon Mirificus,’ 1014, only much enlarged. The intervals of tho argu- 
ments are 10'' ; and the results are given to eight places : in Napier’s canon 
the intervals are 1', and the number of places is 7. The logarithms are strictly 
Napierian, and the arrangement is identical with that in the canon of 1614, 
This is the largest Napierian canon that has been calculated. The copy we 
have seen is in the British Museum. In 1018 Ursinus published his 
‘ Cursus Mathematicus,’ of which there is a copy in the Cambridge Uni- 
versity Library. 

The only table of Napierian logarithms described in § 4 is Schulze, 1778 
[T. V.] (sines and tangents). 

Art. 18. Logistic arid Proportional Logarithms, 

What are now called fractions or ratios used to be styled logistic numbers ; 

and logistic logarithms are logarithms of ratios : thus a table of log % os 

being the argument and a a constant, would be called a table of logistic or 

proportional logarithms ; and since log ^ = log a — log a?, it is clear that the 

tabular results only difier from those of an ordinary table of logarithms by the 
subtraction of a constant and a change of sign. It appears that Kepler, in 
his ‘ Chilias ’ described below, originated tables of this kind ; but the step that 
separates logistic from common logarithms is so small that no great interest 

attaches to their first appearance. The use of the tabulation of log — in tho 

working of proportions in which the third term is a fixed quantity a is evident. 
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There deems a tetidency to keep the name logistic logarithms for those tables 
in which o = 3600” = 1° (so that the table gives log 3600 — log .r, w being 
expressed in minutes and seconds), and to use the nmiQ proportional logarithms 
when a has any other value. We have not met with any modern table of 
this kind forming a separate work ; and such tables are usually of no great 
extent. They are to be found, however, in many collections of tables ; and the 
logistic logarithms from Callet were published separately at Nuremberg in 
a tract of 9 pp. in 1843 (see title in § 5). 

It may be remarked that tables of log “ often extend to values of x 

greater than a ; and then, in the portion of the table for which this is the 
'case, the mantissoo are rendered positive (by the supposed addition of the 
•characteristic — 1, which is omitted) before tabulation. 

Kepler, 1624. We cannot do better than follow De Morgan’s example, 
End give a specimen of the table, which contains five columns : — * 

53* 36*36 80500*00 19* 19*12 21691*30 48*18 

5*48 124*15 

The sinus or numerus ahsolutiis is 805, which (to a radius 1000) is the 
sine of 53^36' 36”, and the Napierian logarithm is 2169130. The third and 
fifth columns are explained as follows ; — if 1000 represent 24'^, then 805 
represents 19^ 19“ 12® ; and if 1000 represents 60*^, then 805 represents 
48° 18' ; there are interscript differences for the first and fourth columns. 
Thus, as De Morgan remarks, Kepler originated logistic logarithms, Kepler’s 
tract is reprinted by Maseres in vol. i. of his ‘ 8criptores Logarithmici ’ 
(1791); and there is also reprinted there Joannis Keplori . . . . supple- 
mentum chiliadis logarithmorum . . . .Marpurgi, 1625,” the original of which 
We have not seen, but it contains no table. The copy of the 1624 work wo 
have described is in the Cambridge University Library. For an account of 
Kepler’s ‘ Tabulm Rudolphinae,’ see De Morgan. 

Proportional logarithms for every second, a being 3°, are given almost 
invariably in collections of nautical tables, usually to four places, but some- 
times to five. T. 74 of Raper, so frequently referred to in § 4, is a four- 
place table of this kind, and was, as we have seen stated in several places, first 
computed by Maskelyne. The reference was made to Raper rather than 
to any other of the numerous places where it occurs, as his work on 
Navigation is one of the best-known, and has been through numerous 
editions. Prof. Everett (Phil. Mag. Nov. 1866) says, quoting Raper, that 
proportional logarithms as at present used are a source of perpetual mis- 
takes even to expert computers ; but this must be intended to apply 
Vather to practical men, as for the mathematical calculator they are very 
convenient. 

The foRowing is a list of tables on the subject of this article, which are 
described more fully in § 4. 

Logistic logarithms for every second to 1°, viz. log 3600 — log x, — (To 4 
places) Gardirer, 1742 and (Avignon) 1770, T. III. (to 4800") ; Dodson, 
1747, T. XXXVI. (to 4800") ; Schulze, 1778 [T. IV.] (to 3600"); Vega, 
1797, Vol. n. T. IV. (to 3600"); Gordon, 1849, T. XXI. (to 3600"); 
Callet, 1853 [T. XI.] (to 5280") ; Hutton, 1858, T. VII. (to 5280") ; 
Inman, 1871 [T. I.] (to 3600", intervals of 2"). 

Proportional logarithms fori every second to 3°, viz. log 10,800 — log x , — 
(To 6 placos) Rios, 1809; T. XlV. ; Lax, 1821, T. XIV. ; Galbraith, 
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1827, T. X. ; Baoay, 1829, T. XXII. ; Coleman, 1846, T. XXIY. 5 Inman, 
1871 [T. II.] 

(To 4 places) (viz. T. 74 of Eaper) Ceoswell, 1791, T. V. ; Maskelyne 
(llequisite Tables), 1802, T. XV. ; Bowditch, 1802, T. XV. ; Andrew, 1805, 
T. XIV.; Mackay, 1810, T. LI. ; Moore, 1814, T. XXV. ; Ducom, 1820, 
T. VII. ; Kerigan, 1821, T. XII. ; Stansbury, 1822 [T. II.] ; Eiddle, 
1824, T. XXIX.; J. Taylor, 1833, T. XXXVI.; Beverley (1833?), T. 
XVIII. ; Norte, 1836, T. XXXIV.; Gregory &c., 1843, T. VIII. ; Griffin, 
1843, T. 41 ; J. Taylor, 1843, T. 35 ; EOmker, 1844, T. XXIV. ; Gordon, 
1849, T. X.; Domke, 1852, T. XL.; Thomson, 1852, T. XIX.; Eaper, 
1857, T. 74. 

Proportional lor/arithms for every minute to 24^, viz. log 1440 — log .r.— 
(To 5 places) Galbraith, 1827, T. IX. 

(To 4 places) Stansbury, 1822, T. G ; Lynn, 1827, T. E\ Gregory &c. 
1843, T. XII. ; Gordon, 1849, T. XIX. ; Thomson, 1852, T. X. ; Eaper, 
1857, T. 21A. 


Art. 19, Tables of Gaussian Logarithms, 


Gaussian logarithms have for their object to facilitate the finding of the 
logarithms of the sum and difference of two numbers whose logarithms are 
known, the numbers being themselves unknown ; on this account they are 
often called Addition and Subtraction logarithms. The problem is therefore ; 
given log a and log 6, find log (a + b) by the taking out of only one logarithm. 
The utility of such logarithms was first pointed out by Leonelli, in a very 
scarce book printed at Bordeaux in the year XI. (1802 or 1803), under the 
title ‘‘ Supplement logarithmiqiie but it mot with no success. Leonelli’s idea 
was to construct a table to 14 places — an extravagant extent, as Gauss has re- 
marked. The first table constructed was calculated by Gauss, and published 
by him in vol. xxvi. (p. 498 et seq,) of Zach’s ‘ Monatlicho Correspondenz ’ 


(1812) ; it gives B and C for argument A, where A = log B =' log ^1 + 

C = log (1 -f ,r), so that C = A + B ; and the use is as follows. We have 
identically — 

log (a -I- 5) = log a -f log 
= log a 4- B 


0 + ^) 

^for argument log 


The rule therefore is, to take log a, the larger of the two logarithms, 
and to enter the table with log a — log b as argument, we then have 
log (a 4- 6) = log a -h E, or, if we please, =3 log 6 4- C. Por the difference, 
the formula is log (a — 6) == log 6 -f A (argument sought in column C) if 
log a — log 6 is greater than ‘30103, and = log 6 — A (argument sought in 
column B) if log a -- log b is less than ‘BOIOS ; there are also other forms# 
Gauss remarks that a complete seven-figure table of this kind would be very 
useful. Such a table was formed by Matthiessen ; but the arrangement is 
such that very little is gained by the use of it. This Gauss has pointed out 
in No. 474 of the ^ Astronomische Nachrichten,^ 1843, and in a letter (1846) 
to Schumacher, quoted by De Morgan. Gauss’s papers on logarithms and 
reviews of logarithmic tables from the ^ Gottingische gelehrte Anzeigen,’ 
* Astronomisohe Nachrichton,^ &c., are reprinted together on pp. 241-264 of 
t. iii. of his * Werke,’ 1866. Of these pp» 244-252 have reference to Gaussian 
logarithms and contain reviews of pAsquiCH, 1817 (§ 4), and Maxxhiessen, 
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1818 (below). The largest tables are Zech (reprinted from Hulsse’s edition 
of Vega) and Wittstein, which answers the purpose Gauss had in view the 
besf of all : there is also a good introduction to the latter (in French and 
German), explaining the use and objects of the tables. 

Whenever in this Beport the letters A, B, C are used in the description 
of Gaussian logarithms, they are always supposed to have the meanings 
assigned to them by Gauss (which are explained above), unless the con- 
trary is expressly stated. Of course all Gaussian tables have reference to 
Briggian (not hyperbolic) logarithms. 

laeonelli^ 1806. This is the German translation of Leonelli’s work, and 
suggested to Gauss the construction of his table in Zach’s ‘ Correspondenz.’ 
The book consists of two parts : in the first there are 9 pages of tables &c. 
wanted in the construction of logarithms, viz. log x, log Vx, log (I’Oo?), . . . . 
log (I’OOOOOOOOOO.r), for a: = 1, 2, . . . .9, to 20 places, and the same for 

hyperbolic logarithms; also log *1, *2 (9*9), and log l*0.r, log l*000.r, 

log l-OOOOOo;, and log l*0000000.r, for a? = 01, 02, .... 99. 

The second part is headed Theorie der Erganzungs- und Verminderungs- 
Logarithmen zur Berechnung der Logarithmen der Summen und Differenzen 
von Zahlen aus ihren Logarithmen,’’ and on pp. 52-54 the specimen table is 

given ; log a? being the argument, it gives log ^1 -f and log (1 + .r) as 

tabular results to 14 places, for arguments from *00000 to *00104 at 
intervals of *00001. [It will bo noticed that the above are the same as 
Gauss’s A, B, and C.] The middle page of this table (p. 53) is nearly an 
inch longer than any of the other pages of the book. The original work, 
according to IIouel, 1858, ‘ Avertissement,’ p. vi, was published at Bordeaux, 
An XI., under the title Supplement logarithmique,” tkc. 

Gauss^ 1812. B^ = log ^1 -f and C(= log(l + a;)) arc given for 

argument A(= log a*) from A = *000 to 2*000 at intervals of *001, thence 
to 3*40 at intervals of *01, and to 5*0 at intervals of *1, all to 5 places, with 
difierences. The table occupies 27 small octavo pages. Gauss’s paper is re- 
printed from the ‘ Correspondenz ’ in t. iii. pp. 244-246 of his ‘ Werke,’ 
1866 ; but the table is not reproduced there. 

Matthiessen, 1818. B and C are given to 7 places for argument A, 
from A = *0000 to 2*0000 at intervals of *0001, thence to 3*000 at intervals 
of *001, to 4*00 at intervals of *01 and to 5*0 at intervals of *1 ; also for 
A = 6 and 7, with proportional parts. 

As C = A + B, the last three figures are the same for B and C, so that 
the arrangement is, column of A, column of first four figures of B, column of 
first four figures of C, column of last three figures of B and C, proportional 
parts ; the eye has therefore to look in two different columns to take out a 
logarithm. There is also another disadvantage, viz. that as there are only 
four figures of argument, if it is to be used as a seven-figure table three more 
must be interpolated for. 

The introduction is both in German and Latin. 

Mr. Gray, who recalculated a considerable portion of this table, found that 
it contained numerous errors (see Gray, 1849, below). See also the intro- 
ductory remarks to this article. 

Weidenbach, 1829. Modified Gaussian logarithms. Log^(=sA) is 

the argument, and log (— B) is tho tabular result, A and B are thus 

a? •— 1 - 
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^‘reciprocal/’ the relation between them being, in fact, 10^+® = 10*^ + 10® + 1> 
so that either A or B may be regarded as the argument. The table gives B to 
five places with differences, from A = *382 to A = 2*002 at intervals of *001, 
from A = 2*00 to A = 3*60 at intervals of *01, and then to 5*5 at intervals 
of *1. The commencement of the table being at A s= *382 does not render it 
incomplete, by reason of the reciprocity referred to above, since for arguments 
less than *382 we can take B as the argument. Thus, at the beginning of 
the table A and B are very nearly equal, viz. A = *382, B = 0*38355 ; 
A = *383, B = *38255. There is an introduction of 2 pp. by Gauss. 

The use of the table in the solution of triangles is very apparent, e. g* in 

the formula cot - = ^ tan ^ , in Napier’s analogies, &c. 

2 (I — 0 2 

Gray 9 1849. Modified Gaussian logarithms. T. I. Log (1 + 07 ) is the 
tabular result for log .^* as argument ; and the range is from log .v = *0000 
to 2*0000 at intervals of *0001, to 0 places, with proportional parts to 
hundredths (viz. 100 proportional parts of each difference). 

T. 11. Log (1 - .r) is the tabular result for log a* as argument ; and the 
range is from log .r = 3*000 to 1*000 at intervals of *001, and from 1*0000 
to 1*9000 at intervals of *0001, to 6 places, with complete proportional parts. 
The first table might have been copied from MatijiiessExV by contracting the 
7 places of the latter to 6 ; but it was recalculated by Mr. Gray, and many 
errors were tlicreby found in Matthiessen’s table (Introduction, p. vi) ; the 
second table was also the result of an original calculation. Some remarks 
and references on the subject of Gaussian logarithms &c. will be found in 
the Introduction to the work. 

Since writing the above account, Mr. Gray has sent us a copy of his 
‘ Addendum to Tables and Formulm for the computation of Life Contin- 
gencies Second Issue, comprising a large extension of the principal 

table. . . .^ London, 1870, 8vo (20 pp. of tables and an introduction), which is 
a continuation of the work under notice, and is intended to be bound up with it, 
a new title having reference to the whole work when so augmented being added. 
The ‘ Addendum ’ contains a table of log (1 + a?) to 6 idaces for argument 
log 0 ?, from log 07 = 3*000 to 1*000 at intervals of *001, and from 1*0000 to 
0*0500 at intervals of *0001 , the latter portion having proportional parts for 
every hundredth of the differences added : the whole of course the result of 
an original calculation. Mr. Peter Gray was the first to perceive the utility 
of Gaussian logarithms in the calculation of life contingencies, and to him is 
due their introduction as well as the calculation of the necessary tables, which 
it is evident are valuable mathematically, apart from the particular subject 
for which they were undertaken. 

Zech, 1849. Table of seven-figure Gaussian logarithms. Denoting, 

as was done by Gauss, log .r, log and log (1 + .r), by A, B, C 

Tespectively, then the table gives B to seven places, from A = *0000 to 
A = 2*0000 at intervals of *0001, from A = 2*000 to A = 4*000 at intervals of 
•001, and thence to 6*00 at intervals of -01, with proportional parts through- 
out ; the whole arranged as an ordinary seven-figure logarithm table, and 
headed Addition table. 

The Subtraction table gives C to 7 places, from B = -0000000 to -0003000 
at intervals of -0000001, thence to -050000 at intervals of -000001, and 
thence to -30300 at intervals of -00001 to seven places, with proportional 
parts. 
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Tho addition table occupies 45 pp., the subtraction tablo 156 pp. Tho 
whole is a reprint from HtrLssE’s Vega of 1849, the paging being unaltered, 
and running from 636 to 836. The second edition is identical with the first, 
exc^t that the 3 pp. of introduction are omitted. 

Wittstein^ 1866. A fine table of Gaussian logarithms in a modified 
form. 11 (=log (1 +^’)) is given to seven places for tho argument A ( so; log .r) 
for values of the argument from 3*0 to 4*0 at intervals of *1, from 4*00 to 
6 00 at intervals of *01, from 6*000 to 8*000 at intervals of *001, from 
8*0000 to 10*0000 at intervals of *0001, and also from *0000 to 4*0000 at the 
same intervals. Differences and proportional parts (or rather multiples) are 
given, except on one page (p. 5), where they are given for alternate 
differences as there is not siifiicient apace. 

The arrangement is similar to that of a seven-figure logarithmic table. 
The figures have heads and tails, and arc very clear. 

On p. 1 27 there is given a recapitulation to three places, and to hundredths, 
of part of the table and the formulae. A complete explanation is given in 
the introduction to fhe work. 

Gaussian logarithms are very useful in the solution of triangles in such 
formulae as cot ^ ~ tan (A — B), in which Weidenbachs table would 

also be useful. 

The following is a list of tables of Gaussian logarithms contained in 
works noticed in § 4. 

Tables of Gaussian logarithms, — PASQtricir, 1817, T. III. (5 places) ; 
[Encke, 1828] [T. III.] (4 places) ; Kohler, 1832 [T. III.]; HtynssE’s Vega, 
1840, T. XII.; Muller, 1844 [T. II.]; [Sheepshanks, 1844] [T. Y.] ; 
Kohler, 1848 [T. II.] ; Shortrede, 1849, T. YII. ; Filipowski, 1849, T. II. ; 
HotEL, 1858, T. III. ; Galbraith and Haughton, 1860 [T. IV.] ; Oppolzer, 
1866. 

Art. 20. Tables to convert Briggian into Hgperholic Logarithms, and vice versd. 

Tables for the conversion of Briggian into hyperbolic logarithms, and vice 
versd, are given in nearly all collections of logarithmic tables. Such a table 
merely consists of the first hundred (sometimes only the first ten) multiples 
of the modulus *43429 44819 03251 82765 11289. . . and its reciprocal 
2*30258 50929 94045 68401 79914. . . ., to five, six, eight, and ten or even 
more places. A list of such tables, contained in works described in § 4, is 
given below ; tables of this kind, however, rarely exceed a page in extent, 
and are very easy to construct. It is not unlikely that the list is far from 
perfect, for in some cases it was not thought worth while noticing such 
tables w^hen of small extent and to few places. We mention Degen (§ 4) as 
containing one of the largest. 

The following is a list of tables contained in works noticed in § 4. 

To convert Briggian into hyperbolic logarithms and vice versd. — (To more 
than 10 places) Schulze, 1778 [T. I.]; Degen, 1824, T. II. ; Shortrede, 
1849, T. YII.; Callet, 1853 [T. IV.] ; Parkhurst, 1871, T. Y. 

(To 10 places) Schron, 1860, T. I. ; Bruhns, 1870. 

(To 8 places) Shortrede (Tables), 1844, T. XXXIX. ; Kohler, 1848, 
[T. I.] ; HoUel, 1858, T. III. 

(To 7 places) Brbhikeb, 1852, T. I. ; Bremiker’s Vega, 1857, T. I. ; 
Dupuis, 1868, T, Y, ^ 

(To 6 places) Dodson, 1747, T. XXXVIK 
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• (To 5 places) De Prasse, 1814 [T. TI.] (?); Galbraith and Hatjghton, 
18G0 [T. I.] ; Wackekbabth, 1867, T. V. 

Bee also Trotter, 1841 [T. L] ; Schlosiilch [1865?] ; Rankine, 1866, 
T. 3 ; and Pineto, 1871 (§ 3, art. 13). 

Art. 21. Inter})olaiion Tables, 

All the tables of proportional parts (described in § 3, art. 2) are 
interpolation tables in one, and that the most usual, sense ; and similarl)'”, 
multiplication and product tables may bo so regarded (see § 3, art. 2). We 
may, however, especially refer to Schron, 1860, as its printed title describes 
it as an interpolation table — a designation not common. The only separate 
table we have seen for facilitating interpolations, when the second, third, &c. 
differences are included, is Woolhoijse, noticed below. We may also refer 
to Godward’s tables (title in § 5), but they seem of such special application 
that we have not thought it necessary to describe their contents. 

Woolhouse^ 1865. Papers extracted from vols. xi. and xii, of the 
‘ Assurance Magazine.^ There are 9 pp. of interpolation tables (viz. pp, 
14--22). The work contains a clear explanation of methods of interpolation, 
with developments. 

The following are references to tables described in § 4. 

Blnomial-ilieorem coefficients, — Schulze, 1778 [T. XTIl.] ; Yega, 1797, 
Yol. II. [ T. YI.] ; Barlow, 1814, T. YII. ; Hantschl, 1827, T. IX. ; 
HIjlsse’s Y£G4, 1840, T. XIII. ; Kohler, 1848, T. X,; Parkhurst, 1871, 
T. XXXII. See also Rouse (§ 3, art. 25). 

Other interpolation coefficients, — Peters, 1871 [T. lY.], I, and IL 

Coefficients of series terms, — Yega, 1797, Yol. II. [T. YI.] ; Lambert, 1798, 
T. XIJY. ; Hulsse’s Yega, 1840, T. YIII. ; Kohler, 1848, T. XI. 

Art. 22. Mensuration Tables, 

We have made no special search for tables on mensuration (such as areas 
of circles of given radius, volumes of cones of given base and altitude, &c.), 
and have only included those that have fallen in our way in the course of 
seeking for more strictly mathematical tables during the preparation of this 
Report. As, however, for several reasons it seems desirable that a complete 
list of such tables should be formed, we shall endeavour to render this 
Article as nearly perfect as we can in the supplement. One reason, how- 
ever, why such tables are not of very high mathematical value is that the 
measures are generally expressed in more or less arbitrary units, such as yards, 
feet, inches, &c., or metres &c. 

We may especially refer to the large table of circular segments in Sharp, 
1717 (§ 4). 

Sir Jonas Moore (1660?). The table is a very small one, and 
scarcely occupies a third of a folio page. It gives the periphery of att 
ellipse for one axis as argument (the other axis being supposed equal to, 
unity) to 4 places, with differences ; the range of the argument is from *00 
to 1*00 at intervals of ’01, Thus, to find the perimeter of an ellipse, axes 1 
and ’78, we enter the table at 78 and find 2*8038. If one axis is not equal 
to unity, a simple proportion of course gives the perimeter. After working, 
out four examples, the author jproceeds ; “ I have made above 45,000*aritb^ 
metical operations for this table, and am now well pleased it is finished,, 
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Some perhaps may find shorter ways, as I believed I had myself, till advised 
otherwise by the truly Honourable the Lord Brunckcr, This is perhaps 

the first tabulation of an elliptic integral. 

Bonnycastle^ 1831, A table of the areas of segments (pp. 295-300) : 
the same as T. XIII. of Hantscol. 

Todd| 1853. T. I. Areas (to 6 places) and circumferences (to 5 places) 
of circles for the diameter as argument, the range being from diameter ^ 
to diameter 24 at intervals of ; the decimal fractions (to 4 places) 
equivalent to &c., are printed at the top of each page. 

T. II, The same from diameter 24 to 100 at intervals of ^ (4 places 
only for the circumferences). 

T. III. The same from diameter 12 to 600 at intervals of unity. Both 
areas and circumferences are only given to 4 places. 

T. IV. The same from diameter *1 to 100 at intervals of •]. Areas to 6 
places, circumferences to 5, 

T. V. to VII. stand in exactly the same relation to spheres that T. I. to 
IV. do to circles, except that T. V. is equivalent to T. I. and II., the 
intervals being ^ from 1 to 100 ; and T. VI. commences at 1 (not 1 2). The 
volumes and superficies are given to 4 places. 

T. VIII. Areas (exact) and diagonals (to 5 places) of squares for side as 
argument, from 4 to 100 at intervals of 

, In all cases the arguments are given in inches, and the results in square 
and cubic inches ; but in T. III. and VI. the corresponding numbers of 
linear, square, and cubic feet are also given. 

The original work, of which this is the second and greatly augmented 
edition, was published in 1826 ; and the tables were the result of original 
calculations. There are besides some specific gravities, &c. 

The following tables are more fully described in § 4. 

Mensuration tables. — Sharp, 1717 [T. II.], areas of segments of circles; 
[T. III.], table for computing the solidity of the upright hyperbolic section 
of a cone^ Donsox, 1747, T. XXVI., XXVIII., and XXIX.; (xALiiRAiTir, 
1827, T. XV. and XVI. (Introd.); IIantsciil, 1827, T. XIII.; Trotter, 
J841 [T. V.] and [T. XII.]; Willich, 1853, T. (7 (circumferences and areas 
of circles) ; Beardmore, 1862, T. 34 (circumferences and areas of circles) ; 
Rankixe, 1866, T. 4 and 5. 

Art. 23. Dual Logarithms. 

Dual logarithms were invented, and the tables of them calculated, by Mr. 
Oliver Byrne, who, besides the work described below, has published ‘ Dual 
Arithmetic ’ and the ‘ Young Dual Arithmetician ’ on the subject. A dual 
number of the ascending scale is a continued product of powers of !•!, 1*01, 
1*001, &c., taken in order, the powers only being expressed. To distinguish 
these numbers from ordinary numbers, they are preceded by the sign si/: 
thus, \|/ 6, 9, 7, 6 = (M)» (1-01)» (1-001)’ (1-0001)“ ; \|/ 0, 0, 2 = (!-])» 
(1*01)® (1*001)^ the numbers following the \|/ being called dual digits. 
"When all but the last digit of a dual number are zeros, the dual number is 
called a dual logarithm ; but the dual logarithms used by Mr. Byrne are of 
the eighth position,” viz. there are 7 ciphers between the\|/ and the 
logarithm. 

A dual number of the descending branch is a continued product of powers 
of *9, *99, *999, &c., and the dual number is followed by the symbol /|\; 
thus, (-9)3 (-99)2 = ^3 ^2 /\\; (•9^9)’* (*999999)2 « ’0’ 0’ 3’ 0’ 0’ 2 /|\. In the 
descending branch also a dual number reduced to the eighth position is 
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called a dual logarithm, and is to be considered negative if the ascending 
dual logarithm is taken positive, and vice versa, 

Byrne, 1867. T. I. contains all the dual numbers of the ascending 
branch of dual arithmetic from 0, 0, 0, 1 to 7, 3, 1, 9, and their 
corresponding dual numbers and natural numbers. The range of the dual 
logarithms is from 00000 to 69892175, and of the natural numbers from 
1*00000000 to 2*01167234. Marginal tables are added, by means of which 
all dual numbers of 8 digits, and their corresponding dual logarithms and 
natural numbers, may be derived : the table occupies 74 pp. 

T. II. Dual logarithms and dual numbers of the descending branch of 
dual arithmetic from ’0 X) ’0 ’1 ’0 ’0 ’0 '0 /|\ to ’3 ’6 ’9 ’9 ’0 ’0 ’0 ’0 /|\ with 
corresponding natural numbers. The range of the dual logarithms is from 
’10001 to ’39633845, and of tlie natural numbers from *99990000 to 
*67277805. Marginal tables are added, by means of which aU intermediate 
dual numbers of 8 digits and their corresponding dual logarithms and natural 
numbers may bo derived. This table is printed in red, T. I. and III. being 
in black. It occupies 38 pp. 

T. III. Natural sines and arcs to 7 places for every minute of the 
quadrant. The length of the arc is, of course, the circular measure of the 
angle, so that we have a table of circular measures to minutes : the arrange- 
ment is quadrantal. Proportional parts are given for 10", 20". . . .90" for 
each difference ; and these occupy two thirds of the page. There are small 
proportional-part tables for the arc : the table occupies 90 pp. 

The author claims that his tables are incomparably superior to those of 
common logarithms, and asserts that “ these tables are equal in power to 
Babbage’s and Callet’s, and take up less than one eighth of the space ” 
(‘Dual Arithmetic,’ part ii. p. ix). Bahhage and Callet seems an error 
(unless the Callet of 1827 (§ 3, art. 15) is meant), as the latter work con- 
tains the table of the logarithms of numbers which is the sole contents of the 
former. Mr. Byrne’s works on the subject are : — ‘ Dual Arithmetic : a new 
Art,’ London, 1863, 8vo (pp. 244) ; ‘ Dual Arithmetic : a new Art. New 
Issue, with a complete analysis,’ 1864 (pp. 83) [this wmrk contains a table 
of 3 pp., “ to facilitate the conversion of dual numbers into common ones, or 
the converse ”] ; ‘Dual Arithmetic: a new Art. Part the Second ’ (pp. 218), 
and the work above described, Mr. Byrne has also published ‘ The Dual 
Doctrine of Angular Magnitude and Functions, &c.,’ and the ‘ Young Dual 
Arithmetician,’ neither of which we have seen : the latter contains an 
abridgment to 3 dual digits of the tables in the work described above. 

In spite of the somewhat extravagant claims advanced by the author for 
his system, dual logarithms have found but little favour as yet cither from 
mathematicians or computers. 

Art. 24. Mathematical Constants, 

In nearly all tables of logarithms there is a page devoted to cert?^ 

frequently used constants and their logarithms, such as tt, 

&c., the radius of the circle in degrees, minutes, &c., 

There are not generally more than four or hve logarithms involving tt given ; 
and usually half the page is devoted to constants relating to the conversion 
of weights and measures. It is only neccssarT, therefore, here to refer to 
works in which there is a better collection than usual of constants. 

1873 . 



the modulus &c. 
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A very good collectioii is given by Maynard (described below), and 
also by Byrne, 1849. This portion of the present Beport is very far from 
complete, as the values of mathematical constants have, as a rule, appeared in 
periodical publications, while those only that are most used by the general 
computer are to be found in collections of mathematical tables. We refrain, 
therefore, from giving references to several periodicals we have met with 
containing constants, as they belong properly to a subsequent portion of the 
Report ; and it is hoped that, after the completion of the examination of 
the memoirs, a pretty complete list, either of the constants themselves, or at 
all events of the places where they arc to be found, will be given. 

We may, however, notice a paper of Paucker’s in the first volume of 
‘ Grunert’s Archiv der Mathematik und Physik,’ in which a number of 
constants involving tt are given to a great many jfiaces, and Gauss’s 
memoirs on the lemniscate-functions Werke,’ t. hi. pp. 426 &c.), where 

&c. are calculated to about fifty places. On Euler’s con- 
stant, see * Proceedings of the Royal Society,’ t. xv. p. 429 ; t. xvi. pp. 154, 
299; t. xviii. p. 49 (Shanks) ; t. xix. p. 514 (Glaishcr); t. xx. pp. 27, 29 
(Shanks). On e, the base of the Napierian logarithms, log,2, log^3 &c., see, 
besides the places just referred to, ‘Roy. Soc. Proc.’ t. vi. p. 397, and ‘ Brit. 
Assoc. Report’ (Sections) 1871, p. 16, and also Shanks 1853 (§ 4). Several 
constants are to be found in the different works of !Masercs. Mr. Maynard 
and Mr. Merrifield have independently calculated log^M and log^m (M and m 
being the modulus and its reciprocal) to 30 places (‘ Assurance Magazine,’ 
t. vi. p. 298). 

The value of w has been calculated to 500 places of decimals by Shanks 
and Richter independently, and to 707 places by the former alone : see 
references, ‘ Messenger of Mathematics,’ December 1872 and July 1873. Mr. 
Shanks’s latest value appears in the ‘Roy. Soc. Proc.’ t. xxi. p. 319. 
It is proper here to remark that Rutherford’s 208-decimal value of tt, given 
in the ‘ Phil. Trans.’ 1841, p. 283, is erroneous after the 152nd place : this 
value is reproduced in Byrne, 1849 (§ 4), and in Maynard ; so that it is 
erroneous also in both of these works. 

[Ma 3 rnard.] A good table of constants involving tt, such as tt tt 
&c., and some few involving e &c., to a great many (generally 30) 
places. There are also other constants not included in the subjects of this 
Report. 

The copy of these constants that wo examined consisted of six leaves 
without a cover, and which were evidently extracted from some work. Mr. 
C. W. Merrifield, F.R.S., subsequently called our attention to the particu- 
larly good collection of constants in ‘ The Millwright and Engineers’ Pocket 
Companion ; . . . . By William Templeton .... Corrected by Samuel May- 
nard Fifteenth edition, carefully revised,’ London, 1871, 8vo, and lent 

us a copy ; and on examination it appeared that it was to this work that 
Maynard’s collection belonged, where it occupies pp. 169-180. There are, 
altogether, 58 constants involving tt, and their logarithms, given generally to 
30 places, and 13 others that may also be properly styled mathematical. It 
is mentioned that part of the table had previously appeared in Keith’s 
* Measurer ’ (twenty- fourth edition, 1846). Templeton’s work contains several 
other tables (areas of circles, &c.), and square roots which would have been 
included in this Report had we seen the book earlier ; as it is they will be 
noticed in the Supplement. Oh Rutherford’s value of tt, quoted by May- 
nard, see introductory remarks to this article. 
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The following is a list of references to § 4, 

Lists of Constants , — Dodson, 1747, T. XXVIL ; GALBRArm, 1827, T. 
LXIII. ; Hantschl, 1827, T. XI. ; [De Morgan], 1839 [T. V.] ; Earley, 
1840 [T. III.] ; MtLLER, 1844 [T. IV.] ; Shortrede (Tables), 1844, T. II. ; 
MtTLLER, 1844 [T. IV.]; Eaper, 1846, T. V.; Kohler, 1848 [T. III.]; 
Byrne, 1849 [T. III.] ; Bremiker, 1852, T. II. ; Willich, 1853, T. XX., &c.; 
Shanks, 1853 (constants to a great many places); Bremiker’s Vega, 1857; 
HotJBL, 1858, T. VIII. ; Hutton, 1858, T. XII. ; Galbraith and Haughton, 
1860 [T. IV.]; Wackerbarth, 1867, T. IV., V., and XXI. ; Bruhns, 1870. 

Note. — Binomial-theorem coefficients and coefficients of series-terms are 
noticed under Interpolation Tables in § 3, art. 21. 


Art. 25. Miscellaneous Tables, Jigur ate Numbers, ^c. 

We have placed in this article tables which could not properly be 
described under any one of the previous twenty-four heads. The list is not, 
however, a long one, as we have frequently placed doubtful tables in the 
article which most nearly applied to them. 

We may refer especially to Joncourt’s table of triangular numbers (de- 
scribed below), which is perhaps unique. Eeishammer’s commercial loga- 
rithms and Montferrier’s binary logarithms are described in § 3, art. 13. 
Picarte’s table to facilitate the performance of divisions is described in § 3, 
art. 7. We may also particularly notice Degen’s large table (§ 4) of log 
1*2. . , .x). There is a table of binomial- theorem coefficients in Bouse (see 
below) ; and other tables of the same kind are referred to under Literpolation 
Tables in § 3, art. 21. Tables of endings of squares are noticed in § 3, 
art. 4 ; and tables for the solution of cubic equations, viz. + (a? — a?®), in 
§ 3, art. 5. 


Browne^ 1731. Pp. 6 and 7 are occupied by a table headed “ Area of 


the circle in degrees and to the 10,000th part of a degree.” Calling , a, 

360 

it gives a, 2a, 3a ... . 100a, 200a, 300a, and 360a to 7 figures. There are 
also three other columns in which the results only differ by a change of 


decimal point. 

Through a mistake in the printing in the copy before us, all the odd pages 
are upside down. 

Heilbronner, 1742. On pp. 922-924, the numbers from unity to 140, 
72, and 100 are expressed in the scales whose radices are 3, 2, and 12 
respectively. 

Joncourty 1762 [T. I.]. A table of triangular numbers up to that of 
20,000, viz. ^ ( - r b-jj for all numbers from n =5 1 to 20,000 (the table 

Jd 


occupies 224 pj).). 

[T. II.] Cubes of numbers from 1 to 600. 

There are 36 pages of explanation <fec., in which it is shown how [T. I.] 
may be used in the extraction of square roots, &c. De Morgan refers to this 
book as “De la Nature. . . .de Nombres trigonaux,” 1762, so we suppose 
some copies with the introduction &c. in French were published. The 
Eoyal Society’s copy has “Dec. 23, 1762,” written in ink underneath the 
printed date. The book is handsomely printed. 

The Babbage Catalogue also gives the same work with an English title. 
‘ The Nature and Notable Use of the most simple trigonal numbers, with 

g2 
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two additional tables, &c., translated from the Latin of E. de Joncourt by 
the author’s self/ 

Phillip 1829. This is not properly a table at all. Names and an 
abbreviated way of writing them are suggested for all numbers up to 9 
followed by 4000 figures, the chief peculiarity of the system being that 1000 
is called ten hundred, and 10,000 a thousand, and so on. The only 
explanation of the object of the table is contained in the curiously untrue 
remark that, by adopting the author’s names, “ we obtain a clearer view of 
calculations which arc generally called inconceivable only because we have 
hitherto adopted no terms to express and limit them.” On Sir R. Rhillips, 
and the value of his works, see De Morgan’s ‘ Budget of Paradoxes’ (1872), 
pp. 143-145. 

D. Galbraith, 1838. A piece contains 4, 5. . . .50 squares, and the 
table is to show the number of dozens in any number of pieces up to 100, 

&c. It contains ^ for ^ = 4, 5. . . .56, and y = 1, 2, 3. . . .100, 200, 

300, 400, and 500, the value of x being constant over any one page : thus 
a? = 15, y = 65, we have given 81 ‘3 for -jt- (15 x 05) = 81-,'^^. The table was 
calculated to give the number of handkerchiefs in any number of pieces, &c. 

De Morgan, 1843. Degei«’s table (§ 4) of log (1, 2 . . . .x) is reprinted 
to six places by De Morgan at the end of his article on “ Probabilities ” in 
the ‘ Encyclopaedia Metropolitana.^ The last figure is not corrected ; the 
table occupies pp. 486-490. 

Rouse (no date). The tables, which arc neither elaborate nor very nume- 
rous, are not of sufficient mathematical value to render it necessary to do more 
than give a general idea of their contents. In the body of the work are a num- 
ber of small tables of this kind : — A and B (of equal skill) play 21 games ; and 
the odds in favour of A’s wnnning 1,2... .20, 21 are given as tabular results. 
Similar tables are given for 20, 19. . . .2 games played. Then we have the 
same when the odds in favour of A are 6 to 5, 5 to 4, 5 to 3, &c., — the 
maximum number of games, however, being six. On a folding sheet at the 
end is given the number of ways in which 1, 2, 3. . . .60 points can be 
thrown with 1, 2. . . .10 dice, and also the number of ways in which 52 
cards can be combined into 4 hands in any given manner (thus, 5 diamonds, 
4 hearts, 3 spades, and 1 club can be obtained in 3421322190 ways); the 
factor and the result when the suits are not specified are also given. The 
mode of formation of the table is obvious. 

On a folding sheet at the beginning of the book is given (a -f h)^ at 
full length for H = 1, 2 .... 30. 

The following is a list of miscellaneous tables contained in works that are 
described in § 4. For greater convenience a brief description of the contents 
of each table is appended to the reference to it. 

FiejnraU Numbers. — Lambert, 1798, T. XXXYII. 

Hyperbolic Antiloyarithms (viz. powers of e) and their Brigrpan logarithms. 
— Schulze, 1778 [T. 1.]; Vega, 1797, Yol. II. T. III.; Lambert, 1798, T. 
XI. ; HtTLSSE’s Yega, T. YII. ; Kohler, 1848, T. III. ; Shortrede, 1844 
[T. n.], III. ; Hutton, 1858, T. XII. ; Callet, 1853 [T. II.], III. 

Miscellaneous. — Sharp, 1717 [T. I.] ^multiples ; Dodson, 1747, 

T. XX. (combinations), T. XXIIl. (permutations), T. XXXY. (seconds in any 
number of minutes less than 2°) ; Schulze, 1778 (Pythagorean triangles) ; 
Maseres, 1795 (multiples of pyimes); Yega, 1797, Yol. II. [T. YII.] and 
[T. YIII.] (piling of shot) ; Lambert, 1798, T. TT. (multiples of primes), T. 
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III. (products of consocutive primes), T. XVII. (numbers of the form 
2" 3"* 5^ 7®), T. XXiy. ( 0 , 0 ^...for 0 = 10,000" w, &c.), T. XXXII. 
(Functiones hyperbolicae circularibus analogoe) ; Bokoa and Delambke, 
1800 or 1801 [T. V.] (log sin (.v -f 2)— log sin &c. centesimal) ; Pearson, 
1824 [T. 11. ] (1°, 2^. . . .as decimals of the circumference) ; Degen, 1824, 
T. I. (large table of log (1.2. . . .^r)), T. III. (multiples of log 2, log 3, &c.) ; 
UiisiNus, 1827 [T. IV.] (length of chords subtending given angles) ; Hantschl, 
1827, T. XI. (multiples of constants); Hx^ktig, 1829 (contents of solids ex- 
pressed in Fuss and Zoil) ; [DeMorganJ, 1839 [T. VI. |, (log (1.2.3. . . .a.')); 

HUmse’s Vega, 1840, T. IV. (chord tabic), T. IX. Fund G (.v &c.) ; 

8110 KTREDE (tables), 1849, T. IV. and V. (for calculating logarithms and anti- 
logarithms), and T. VIII. (log ( 1.2.3. .. ..r)) ; Domxe, 1852, T. XXX. 

00 } )' 1 -] (terms of tan“^i and tan“^^i^); 

SchkoaV, 1800, T. III. ^liyp. log 10" and 1 -f ; ^Sciilomilch: [1865?] 

(elliptic quadrants); Everett, 18(U>; Wackerr irth, 1807, T. II. (log 
(1.2. . . .a?), log (1.3. . . ..r), log (2.4. . . ..r)) ; Parkhitrst, J871, T. IV., 
VI.-VIII., X., XT., XV.-KVIL, XIX„ XXVW, XXIX., XXXVE 8 ee 
also Kulik, 1848, T. 2-10 and 11 (Theory-of-number tables and multiples of 

TT and (§ 3, art. 4). 


§ 4. Worlcs coataiuuKj Collections of Tabhs, armmjed hi alj^tliahciical order. 

[The titles of the works can be found by reference to § 5.] 

Academic de Prusse (1770). This collection of tables only contains 
two that come within the scope of this llc 2 )oi’t. 

[T. I.] (vol. iii. pp. 172-207). Table of sines, expressed as arcs whose 
length is ecjual to that of the sine ; viz. for x (expressed in degrees and mi- 
nutes) as argument there is given the angle (expressed in degrees, minutes, 
seconds, and tenths of a second) whose circular measure is sin x, the argu- 
ment X being given to every minute of the quadrant. There are no differ- 
ences ; and the arrangement of the table is quadrantal (not semiquadrantal). 
The table is due to Schulze. 

[T. IL] (Vol. iii. pp. 258-271). Lengths of circular arcs, viz. the circular 
measures of 1°, 2°, 3°, . . . .360°, of 1', 2',. . . .60', and of 1", 2",. . . .60" to 
27 places. This table is by Schulze, in whose collection it also appears : see 
Schulze [T. VII.]. 

Both these tables are included under the head Tables auxihaires” in the 
third volume. 

The whole work is attributed in the Royal Society’s Catalogue to Schulze, 
and, from internal evidence we have little doubt, correctly. 

Adams^ 1 796 [T. I.]. Six-figure logarithms to 10,860, written at length, 
with characteristics. Differences are added. 

[T. II.] Log sines, tangents, and secants for every minute of the qua- 
drant, to 6 places ; with tables at the bottom of the page to facilitate inter- 
polations. 

[T. III.] Log sines, cosines, tangents, cotangents, secants, and cosecants for 
very quarter point, to 5 places. 
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Andrew^ 1805. T. XIII. Squares of natural semichords, viz. sin* ^ 

from = to a?=120°, at intervals of 10", to seven places, with differences 
and proportional parts for seconds. This valuable table occupies pp. 29-148 
of the work. 

T. XIV. Proportional logarithms to 3°, at intervals of a second, to four 
places ; same as T. 74 of Paper. 

The other tables are nautical. 

Anon 3 rniou 8 [1860 ?]. Pour-figure logarithms of numbers from 100 to 
1000, with proportional parts, on a card (about 12 in. by 10 in.). On the 
back, numbers (to four figures) to logarithms from *000 to 1*000, at intervals 
of *001, with proportional parts. Printed by J. Sittenfelcl, published by 
Veit and Co., Berlin. Xo date. The Brit.-Mus. copy received April 2, 1860. 

Bagay^ 1829. T. XXII. Proportional or logistic logarithms for every 
second to 3° (or 3**) to five places; same as T. 74 of Paper, except to five 
instead of four places. 

T. XXIII. Seven-figure logarithms, from unity to 21,600 (with the cor- 
responding degrees, minutes, and seconds), to seven places, wuth differences, 
but not proportional parts. 

T. XXIV. Logarithms of sexagesimal numbers, viz. logarithms of num- 
bers of seconds in all angles from (P 10' 0" to 12°, at intervals of 1", to five 
places. 

Appendix. — Table of log sines and tangents for every second of the qua- 
drant to seven places (without differences). The change in the middle of the 
column is beautifully clearly marked by a large black nucleus, surrounded by 
a circle, printed instead of zero. Only the first logarithm affected is so de- 
noted ; but the mark is so striking that it readil}" attracts the eye. The table 
was formed by interpolation from Oallet, corrected by Taylor (see p. ii of 
the ‘ Avertissement ^) ; 76 errors were thus found in Taylor. Some errata 
are given at the end of the work. 

All the other tables are astronomical. This work, which has now become 
rare, is much esteemed. 

Barlow, 1814. T. I. Squares, cubes, square and cube roots (to 7 places), 
reciprocals (to 9 places as far as 1000, afterwards to 10), and all factors of 
numbers from 1 to 10,000. Thus, for the factors of 4932 we have given 2\ 
3*. 137. 

T. II. The first ten powers of numbers from 1 to 100. This table was 
taken from Hutton | T. IV.] and Vega (Tabulm), vol. ii. T. IV. The errors 
given in this Peport in Hutton are not reproduced in this table. 

T. III. Fourth and fifth powers of numbers from 100 to 1000. 

T. ly. Fo)* the solution of the irreducible case in cubic equations', viz. 
y*— y is tabulated from y=l*0000 to 1*1549, at intervals of *0001, to 8 
places. 

T. V. Prime numbers from 1 to 100,103 (this table is incorrectly described 
on the titlepage to it as extending to 10,000 only). 

T. VI. Hyperbolic logarithms, to 8 places, of numbers from unity to 10,000 
(this table is incorrectly described on the titlepage to it as only extending 
from 1000 to 10,000) 

T, VII. Differential coefficients, viz. the first six binomial- theorem coeffi- 
. n(n— 1) n(n — — 5) ^ 

cients, ^ 2 * * • • j‘~2 7 ^ — > to 1*00, at intervals of 

•01, to 7 places. 
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These tables occupy 256 pp., and are followed by 78 pp. of formute, weights, 
and measures, &c. 

There is a full introduction, stating whence the tables were derived, or, if 
computed, from what formulae, dec. The hyperbolic logarithms were taken 
from Wolfeam’s table in Schulze; and the reciprocals, factors, square and 
cube roots, and several other tables were the result of independent cal- 
culations. 

The squares, cubes, square and cube roots, and reciprocals from this table 
were reprinted and stereotyped, at the suggestion of De Morgan, in 1840 (see 
Eaklow’s tables, 1840, in § 3, art. 4). The reprint thus gives T. I., the 
column of factors being omitted. A list of 90 errors in T. I. of the original 
work is given in the reprint; and 25 errors in T. YI. are given by Prof. 
Wackerbarth in the ‘ Monthly Notices of the lioyal Astronomical Society ’ for 
April 18G7. 

Bates^ 1781. [T. I.] Five-figure logarithms to 10,000, without dif- 

ferences. 

[T. II.] Log sines and tangents (to 5 places), and natural sines and tan- 
gents (to 7 places), for every minute of the quadrant, semiquadrantally 
arranged : no difierences. 

The tables (which have a separate titlepage, bearing the date 1779) are 
preceded by 211 pp. of trigonometry, and followed by an Appendix on the 
motion of projectiles in a non-resisting medium. The work was intended for 
use in the Military Academy, Belmont, near Dublin. 

Beardmore, 1862. Only 23 pages (pp. 84-106) of this work contain 
tables that come within the scope ot this lieport. 

T. 34. Areas and circumferences of circles, to 3 places, for diameters 
•1, *2, . . . . -9, and from 1*00 to 100, at intervals of *25. 

T. 35. Squares, cubes, fifth powers, square and cube roots (to 3 places), 
and reciprocals (to 9 places) for numbers from 1 to 100, the squares and 
square and cube roots being given as far as 1100. 

T. 36. Six -figure logarithms of numbers from 100 to 1000. 

T. 37. Log sines from 0° to 45^ 50', at intervals of 10', to 6 places. 

T. 38. Natural sines, tangents, and secants for 1^, 2°, . . . . 90^, to 6 places. 
The other tables relate to hydraulics, rainfall, &c. 

The work was first published in 1850 ; and a second edition, in an extended 
form, was issued in 1851. 

Beverley [1833 ?] T. VI. (p. 127). Any number of minutes less than 
12*^ expressed as a decimal of 12**, to 4 places. 

T. VI. (pp. 232-243). Sexagesimal cosecants and cotangents for every 
minute from 20° to 90°. A sexagesimal cotangent is the cotangent when 
the radius is taken = 60' (or 1°); viz. it bears to 60' the same ratio that the 
ordinary cotangent does to unity, and is usually expressed in minutes, seconds, 
and decimals of a second. The same, of course, holds for sines, cosines, &c. 
Thus the sexagesimal sine of 30° is 30', cosecant 30°= 120', &c. 

In this table the quantities tabulated are not sexagesimal functions, but 
sexagesimal functions divided by 3 (and are therefore to radius 20') : we thus 
have cosec 30°= 40'. The table is given to two decimal places of a second. 

T. XY. Sexagesimal sines, tangents, secants, and versed sines (viz. to rad. 
60') to every degree to 90°, to one decimal place of a second, with differences. 

T. XYII. Log sines and tangents, from 18° to 90°, at intervals of 1', to 
4 places. 

T. XVIII. Proportional logarithms for every second to 3°, to 4 places ; 
same as T. 74 of IIapee. 
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Mr. Beverley made some improvements in Taylor’s Sexagesimal Table 
(§3, art. 9), and devised a plan to introduce them into Taylor’s table without 
reprinting it^. He accordingly made application to the Board of Admiralty to 
be allowed to do so in the copies that remained unsold ; but this was refused. 
He then offered to purchase all the unsold copies of Hutton’s ‘ Products ’ 
and Taylor’s tables, in order to introduce his improvements ; but his applica- 
tion was refused after the terms had been agreed upon, because ho asked for 
six months’ credit. In the Appendix he complains that “ the immpise 
labour that the calculation of his tables required him to exert had then ruined 
his constitution, and brought him to the verge of a premature grave.” It is 
to be presumed that the Admiralty had some grounds for their refusal ; but 
it is certain that no use has been made of Hutton or Taylor since the time of 
Mr. Beverley’s application. No pains at any time seem to have been taken 
io circulate or make known any of the books published by the Board ot 
Longitude, so that none of them have ever come into general use. 

Mr. Beverle}" died in 1834, at the age of 39 ; and the present work was 
published after his death, as it contains a notice of his life by “ J. B.”, and 
evident traces of revision. Ho often refers to his Taylor’s Sexagesimal Table, 
but no doubt it was never published. AVe have seen ‘The Book of Formulae 
&c., Cirencester, 1838,’ by the same author ; but it contains no tables. 

Borda and Delambre^ An IX. (1800 or 1801). [T. I.J Seven-figure 
logarithms of numbers from 10.000, to 100,000, wuth differences and i>ro- 
portional parts for all. The line is broken when a change takes place in 
the middle of it. It may be remarked that while in all modern tables 
of logarithms of numbers three figures are common to the block, and 
four only arc given in the columns, in this table there are but two leading 
figures, and five are found in the columns, so that the lines are broken in 
very few instances. |T. II.] Eleven-figure logarithms of numbers to 1000, 
and from 100,000 to 102,000 (the latter with differences). 

[T. III.] Log sines, cosines, tangents, and cotangents for centesimal argu- 
ments, viz. from O' to 10', at intervals of 10", and from 0^ to 50^, at in- 
tervals of 10' to 11 places, without differences (^, ', " being used to denote 
centesimal degrees (or grades as they are sometimes called), minutes, and 
seconds). 

[T. IV.] Hyperbolic logarithms of numbers from 1 to 1000 to 11 places. 

[T. V.] Log differences of sines for every H, 2^, . . . 10^ throughout the 
quadrant, and the same for tangents for V and 2*^, to 7 places, viz. log 

sin 2^— log sin 1^, log sin 3^ — log sin 2^ throughout the quadrant of 

100^, log sin 4^— log sin 2^, log sin 6^ — log sin 4^ throughout the quadrant, 
&c. It is to be noticed, however, that in this mode of description of the 
table log sin O*' must be treated throughout as 0 instead of — oo ; for facing 
1^ we have given log sin 1^ (not log sin 1^— log sin 0*^) in the first column ; 
and facing 2^ in the second we have log sin 2^ &c. 

[T. VI.] A great centesimal table, giving log sines, cosines, tangents, co- 
tangents, secants, and cosecants from 0^ to 3^, at intervals of 10" (with full 
proportional parts for every second), thence to 50*^ at intervals of 1', with 
full proportional parts for every 10"). 

A page of tables for converting sexagesimals into centesimals &o., com- 
pletes the work, which is a thick sm all-sized quarto, with clearly printed 
and not too heavy pages. After the printing of the work Prony asked 
Helambre to examine the Tables nu Cadastre (which are to every 10" 
throughout the quadrant to 12 places ; but see § 3, art. 13) ; and this gave 
Helambre the opportunity of reading them with Borda’s table of sines an ^ 
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tangents in this wo^k : the result was the detection of a great number of 
last-place errors, which are given on pp. 117-119 (see p. 114, Preface de 
Tcdi^ur). There are other errata given on p. 116. 

Be Morgan remarks that Delambre is wrong in saying that Hobebt and 
Idelee’s tables, 1799 (§4), subdivided the quadrant as minutely as those 
which he and Borda had published ; but this is not the case, as the latter 
are as stated above. The mistake is one into which any one accustomed 
to describing tables would naturally fall, as the mode of arrangement gives 
the impression that the portion of [T. VI,] to 3^ is to every second, and that 
that from 3^ to 40^ is to every ten seconds : at first sight it is not easy to see 
wliy this was not the form of table adopted ; but the reason for the arrange- 
ment being as it is was no doubt that the sine and cosecant, tangent and co- 
tangent might be placed exactly on the same footing, as the proportional 
parts are the same for each pair. [Mr. Lewis, of Mount Vernon, Ohio, men- 
tions that Bremiker has fallen into the same mistake as Be Morgan did, thus 
giving additional proof of how misleading is the arrangement of the table to 
those who have not had occasion to use it: see ‘Monthly Notices of the 
Boyal Astronomical Society,’ May 1873, vol. xxxiii. pp. 455-458.] 

Bowditch, 1802. T. XII. For the conversion of arc into time. 

T. XIII. Log i elapsed time, mid time, and rising; same as T. XVI. of 
Maskelyne, 1802. It is stated in the preface that this tabic was first 
published by Mr. Bouwes, of Amsterdam, about 1740, and that he re- 
ceived £50 for it from the Commissioners of Longitude in England. 
1 024 (small) errors contained in this table in the second edition of Hixiuisite 
I'AnLEs are said to bo here corrected. 

T. XIV. Natural sines for every minute to 5 places. 

T. XV. Proportional logarithms for every minute to 3*^; same as T. 74 of 
Kaper. 

T. XVI. Log sines, tangents, and secants for every quarter point to 5 
places, and five-figure logarithms to 10,000. 

T. XVII. Log sines, tangents, and secants for every minute of the qua- 
drant to 5 places : arguments also in time = twelve hours), and the com- 
plement to 1 2^ given also. The other tables are nautical. 

On the titlepage it is stated that the tables are “ corrected from many 
thousand errors of former publications ; ” most of them doubtless only affect- 
ing the last figure by a unit. 

Bremiker^ 1852. T. I. Six-figure logarithms to 1000, and from 10,000 
to 100,010, with proportional parts; with degrees, minutes, and seconds 
corresponding to every tenth number of seconds, and ten times each such 
number; the change in the line is denoted by a bar over the 3rd figure 
in all the logarithms affected. The table is followed by the first hundred 
multiples of the modulus *434 . . . and its reciprocal to 7 places. 

T. II. Log sines (left-hand pages) and tangents (right-hand pages) for 
every second to 5^ to 6 places, and log sines and tangents for every ten 
seconds of the quadrant to 6 places, with differences, and proportional parts 
beyond 5°. This is followed by small tables giving the circular measure of 
1°, 2° . . . 180°, 1', 2', . . . , 60', 1", 2". , . 60" to 6 places ; and for the 
conversion of arc into time &c. The last page contains a few constants. 

There is an introduction of 82 pp., containing, among other things, an in- 
vestigation “ Be erroribus, quibus coraputationes logarithmic^ afiiciuntur.” 

Nine errors in this work are pointed out by Prof. IVackerbarth in the 
‘ Monthly Notices of the Royal Astronomical Society ” for April 1867. 
Bremiker’s Vega, 1857. T. I. Seven-figure logarithms to 1000, and 
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from 10,000 to 100,000, with differences and all the proportional parts on the 
page. The change of figure in the line is denoted by a bar placed over the 
fourth figures of all the logarithms affected. S and T (see § 3, art. IS) are 
given at the bottom of the page, as also are the numbers of degrees, minutes, 
and seconds corresponding to every tenth number in the number-column of 
the table. At the end of this table is a table containing the first hundred 
multiples of the modulus *434 . . . and its reciprocal 2*302 ... to 7 places. 

T. II. Log sines and tangents from 0° to 5° to every second, to seven 
places : no differences. At the end of this table is given a page of circular 
arcs, containing the circular measure of 1°, 2°, . . . 180°; 1', 2', . . . 60' ; 1", 
2 . 60" to seven places. 

T. III. Log sines and tangents for every ten seconds of the quadrant, to 
seven places, with differences : proportional parts are added after 5°. 

T. III. is followed by a page containing tables for the conversion of arc 
into time : the other tables are astronomical. On p. 547 are a few con- 
stants. The tables are stereotyped. 

An edition with an English Introduction, edited by Prof. W. L. E. 
Fischer, was published in 1857 (title in § 5) ; the contents are the same as 
in the above work, the tables being printed from the same plates. 

Bnilmis, 1870. T. I. Seven-figure logarithms of numbers to 1000, and 
from 10,000 to 100,000, with difierences, and all the proportional parts. 
The all is printed in italics, because in Babbage, Callet, &c. only every other 
table of proportional parts near the beginning of the table is given, for want 
of space. 

In this work there is no inconvenient crowding, as even where the side-tables 
are very numerous, the type, though small, is still very clear. The constants 
S and T, for the calculation of sines and tangents (§3, art-. 13), are added, 
and placed at the bottom of the page, as also are the numbers of degrees, 
minutes, and seconds in every tenth number of the number-column (regarded 
as that number of seconds), and the same for each of these numbers multi- 
plied by 10. 

T. 11. Log sines, cosines, tangents, and cotangents to every second from 
0° to 6°, to seven places, with differences throughout, axidi proportional parts, 
except in the portion of the table from 10' to 1° 20', where the size of the 
page would not admit of their insertion. 

T. III. Log sines, cosines, tangents, and cotangents from 6° to 45° to 
every ten seconds, to seven places, with differences and proportional parts. 
Of course room could not be found for the proportional parts of all the dif- 
ferences ; hut throughout all the table on no page are there less than six 
proportional-part tables. 

On p. 186 the first hundred multiples of the modulus and its reciprocal 
are given, to ten places ; and at the end of the book are tables of circular arcs, 
viz. the circular measure of 1°, 2°, . . . 180°, 1', 2', . . . 60', 1", 2", . . . 60", 
to ten places, a page for the conversion of arc into time, and some constants. 
In T. I. the change in the line is denoted by a bar placed over the fourth 
figure of aU the logarithms affected, the similar change when the third figure 
is decreased being denoted in the other tables by an asterisk; a final 5 in- 
creased has a bar superscript. It is incorrectly stated in the preface that the 
practice of marking all the last figures that have been increased was intro- 
duced by ScHRoif ; for this innovation was due to Babbage (see his preface, 
p. x). Dr. Bruhns may, however, merely mean that the mark (viz. a bar sub- 
script) introduced by Schron (^1860) fatigues the eye and is of next to no 
use ; and if so, we entirely agree with him. In Babbage the increase is 
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denoted by a point subscript, which the reader scarcely notices; but in 
Schron the bar catches the eye at once and is confusing. The cases also 
in which it is necessary to know whether the last figure (unless a 5) has been 
increased are excessively rare ; and in fact any one who wants such accuracy 
should use a ten-figure table. 

On the whole, this is one of the most convenient and complete (considering 
the number of proportional-part tables) logarithmic tables for the general com- 
puter that we have met with ; the figures have heads and tails ; and the pages 
are light and clear. Purther, we believe it is published at a low price. 

83 ^ 2*1169 1849 (Practical . . . method of calculating &c.). [T. I.] Primes 

to 5000, pp. xiii and xiv. 

[T. Il.J A very small table to convert degrees &c. into circular measure, 

p. XV. 

[T, III.] List of constants (69 in number), chiefly relating to t (which 
Mr. Byrne denotes by jp), such as 2 tt, 30 tt, tt, (PP* xviii 

to xxiii) : the value of tt is inaccurate ; see § 3, art. 24. 

[T. IV.] Logarithms of numbers from unity to 222, to 50 places (pp. 77-82). 

Calletj 1853. [T. 1.] Seven-figure logarithms to 1200 , and from 10,200 

to 108,000 (the last 8000 being to 8 places). Difierences and proportional 
parts are added ; but near the beginning of the table, where the dilFerences 
change very rapidly, only the proportional parts of alternate differences are 
given, through want of room on the page (this is also done by Babbage and 
others). The constants S and T (see § 3, art. 13) for calculating the log 
sines and tangents of angles less than 3®, as also V the variation for 10", 
are given in a line at the top of the page (see p. 113 of the Introduction). 
To the left of each number in the number-column are placed not only the 
degrees, minutes, <fec. corresponding to that number of seconds, but also, in 
another column, those corresponding to ten times that number. When the 
change of figure occurs in the middle of the block of figures the line is broken 
— the best theoretical way of overcoming the difficulty. Be Morgan and 
others, however, have expressed a strong dislike to it ; and we agree with 
them. 

[T. II.] I. Common and hyperbolic logarithms of numbers from 1 to 1200 
to 20 places, the former being on the left and the latter on the right-hand 
pages. II. Common and hyperbolic logarithms of numbers from 101,000 to 
101,179 to 20 places, with first, second, and third difierences, the hyper- 
bolic logarithms being on the right-hand pages. (Note. All the common 
logarithms from 101,143 to 101,179, with one exception, contain errors.) 
III. Common and hyperbolic antilogarithms from *00001 to *00179 at 
intervals of *00001, and from *000001 to *000179 at intervals of *000001, 
respectively, to 20 places, wdth first, second, and third difierences. 

[T. III.] I. Common logarithms (to 61 places) and hyperbolic logarithms 
(to 48 places) of all numbers to 100, and of primes from 100 to 1097 ; and 
(II.) from 999,980 to 1,000,021 : the hyperbolic logarithms occupy the right- 
hand pages as before. 

[T. IV.] The first hundred multiples to 24 places, and the first ten mul- 
tiples to 7 0 places, of the modulus *434 . . . and its reciprocal 2*302 . . . 

[T. Y.] Eatios of the lengths of degree &c. (ancient and modern) to the 
raffius as unit, viz. the circular measure of 1 °, 2 % . . . 100 °, 1 ', 2 ', . . , 60', 
1 ", 2 ", . . . 60", and of the corresponding quantities in the centesimal divi- 
sion of the right angle (1^ . . . lOO*' ; 1' ... 100' ; 1". . .100") to 25 places. 

[T. VI.] Log sines and tangents for minutes {centesimal) throughout the 
quadrant (to seven places), viz. from 0 ^ to 50^ at intervals of 1 ', with difierences. 
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The order of the columns is sine, tangent, difference for sine, difference for 
tangent, cosine ; but this arrangement only holds up to 5^, when differences 
are added for the cosine also. A change in the figure at the top of the 
column is denoted in the column by a line subscrij)t under all the figures of 
the first logaritlim affected, which arrests the eye at once. 

[T. Vll. J Natural and log sines (to 15 places) for every 10' (ten minutes 
centesimal) of the quadrant. It is as well here to note that in the log sine 
and cosine columns only nine figures are given, as the preceding figures are 
obtainable from | T. VI. J ; two, however, arc common to both : thus from 
[T. VI.J wo find log sin 10' = 7’10(>1107, and in | T. VII.] we have given, 
corresponding to log sin ID', 9()08-b5372 ; so that log sin i0' = 7*19()119()9 
84387^. It will theiefore be noticed that the log sines are in strictness 
given to 14 (and not 15) places. FurtluT, it appears that the last figure 
has not been, or at all events not been always, corrected^ for log sin 50^' = 

log -]_ = ■.34048500210800940. . . ., and the logarithm in [T. VII. J ends 

y 2i 

with the figures 6800. This is the only one we have examined. 

At the end of [T. VII.] is given a page of tables to connect decimals of a 
right angle with degrees, minutes, and seconds, Ac. 

[T. VIII.] consists of proportional-part tables, and occupies 10 pp. : by 
means of them any number less than 10,000 can be multiplied by a single 
digit with great ease ; the use of this in interpolation is evident. A full 
explanation is given on pp. 32-36 of the Introduction to the work. 

[T. IX.] Log sines and tangents for every second of the first five degrees, 
to seven places, without differences (sexagesimal). 

[T. X.] Log sines and tangents for ever}^ ten seconds of the quadrant, to 
seven places, with differences (sexagesimal). 

[T. XL] Logistic logarithms, viz. log 3600" — log x" from x = 0" to 
0? = 5280"=!° 28'; 3600" = !° 

The other tables have reference to Borda’s method for the determination 
of the longitude at sea. 

On the whole, this is the most comi)letc and jiractically useful collection 
of logarithms for the general computer that has been published. In one not 
very thick octavo volume, 11 import-ant tables are given ; the type is very 
clear and distinct, though rather small. In the logarithms of numhers an 
attempt has been made to give rather too much on the page ; but for general 
usefulness this collection of tables is almost unique. 

The introduction, of 118 i^p., is the worst portion of the work; it is badly 
arranged, confused, and, worst of all, has no index ; so that it is very hard to 
find the explanation of any table required, if it is explained at all. On 
p. 112 the value of e is given ; hut the figures after the 8th group of five 
are erroneous, and should be 47093 69995 95749 66967 6. . . .(see Brit. 
Assoc. Eeport, 1871, Transactions of Sections, p. 16). 

On pp. 12 and 13 of the introduction are two tables that deserve notice : 
the first gives the square, 4th, Kith .... 2''®th roots of 10 to about 28 significant 
figures (leaving out of consideration the cii)hers that follow the 1 in the 
higher powers). The second gives powers of *5 as far as the 60lh. 

With regard to errors, an important list is given by Lofort in the ‘ Comptes 
llendus,’ vol. xliv. p. 1100 (1857) ; and these of course apply to the later 
tirages. Many errors of importance, as also some information as to the 
sources whence Callet derived his tables, are given. See also Gauss in Zach^s 
‘ Monatliche Correspondenz,’ Nqvembcr 1802 (or ‘Werke,’ t. iii. p. 241), for 
four errata, and Gernerth’s paper (referred to at the end of the introductory 
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remarks in §3, art. 13), and also Hutton’s tables (editions 1783-1822). 
(leruerth remarks (p. 25) that errors pointed out by Hutton in 1822 still re- 
mained uncorrccted in the tirage of 1846. We may also refer to a paper by 
Herrmann, entitled “ Verbesserung der II. Callet’schen Tafel der gemeinen 
Logarithmeii mit 20 Decimaleu, nebst Yorschlagcn fiir die weitere Fbrde- 
rung dieses Zwcekes,’’ printed in the ‘ 8itzungsbcrichte der Kaiserlichen 
Akademie der Wissenschaften,’ Vienna, 1848, part ii. pp. 175-100. 

On p. liii of their work, IIobert and Idkler (1799) remark that they 
found that in general the natural sines of Callet were calculated accurately, 
but that in the log sines the last two figures were generally doubtful ; they 
mention also that they found- many other faults in the work, but, being un- 
certain how far these are corrected in the stereotype edition, they only give 
one : viz., on p. 117 of the introduction, in the eighth place in the value of f 
there is a 2 for a 3 ; and this fault renders erroneous the multiples of /. A 
list of 380 errors is given on pp. 348 and 349 of the book, in all of whieli 
the error is + 1 in the last place, and also an error in a natural sine is given. 
The above error in /is corrected in the tirage of 1853. 

On p. 120 of lloiiDA and Delamhue there are given six errors in the ste- 
reotyped tables of Callet. A good many errors are also given at the end of 
Vega’s Manual (1800). 

Many other errata are noted in other books ; but it seems useless to give 
references without at the same time examining whether the errors have been 
subsequently corrected, and, if so, in what tirages. 

Hobert and Ideler consider that Callet obtained his log sines most pro- 
bably by interpolation from the ‘ Trigonometria Artificialis ’ of Vlacq, 

The number of tirages of this work has been very great : it was first 
published in 1783, we believe ; but the type from which the earlier tirages 
were printed was subse(]uont]y reset, as the size of the page in the editions 
published in this century is larger than that of the first, which had tlierefore 
more right to the title “ Tables portatives.” The tirage we have described 
above is that of 1853 ; and w^e have seen one of 1862, “ revue par J. Dupuis ” 
(Dupuis was himself subsequently the editor of a set of logarithmic tables, 
described in this section). There is also a still more recent edition, edited 
by M. 8aigey. We have an impression that the Callet of 1793 was the first 
logarithmic table stereotyped ; but we have not investigated the matter. 

Coleman, 1846. T. XIX. Log sines, tangents, and secants to every 
quarter point, to 6 places. 

T. XX. Six-figure logarithms to 10,000, arranged in decades, with pro- 
portional parts above 1000. 

T. XXI. Logarithms for finding the apparent time or horary angle^ viz. 

log semi- versed sines f = log g j from 0^' to 9*^, at intervals of 5% to 

5 places, with proportional parts. 

T. XXIII. Log sines, tangents, and secants for every minute of the 
quadrant, to 6 places. 

T. XXIV. Proportional logarithms for every second to 3°; same as T. 74 
of Haper, only to 5 instead of 4 places. It must be observed that on the 
first page (extending to 10') the logarithms are not given completely, the 
last figure, two figures, or three figures being printed as ciphers. This 
is done, wo presume, because in the cases to w^hich the table is intended to 
be applied accuracy in these places is not required. The same is done in 
several other copies of this table occurring in other nautical collections. 
Opposite, 0 is given 4.88.. instead of — oo. The other tables are nautical. 
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Groswell^ 1791. T. I. Log secants, half log secants, and half log sines, viz. 
log sec a?, I log sec x and ^ log sin or, to every minute of the quadrant, to seven 
places, the last two being separated by a comma for the convenience of those 
who only require five places ; semiquadrantally arranged ; no differences. The 
table, as headed in the book, implies that the tabular results are natural ; 
but they are as above. 

T. V. Proportional logarithms for every second to 3% to 4 jdaces: the 
same as T. 74 of Raper. 

T. XIII. Small table to convert arc into time. The other tables are 
nautical. 

De Decker^ 1626. T. I. Ten-figure logarithms of numbers to 10,000, 
with characteristics and differences. 

T. II. Logarithmic sines and tangents, to seven decimals, for every minute, 
from Gunter 1620 (§ 3, art. 15). 

These tables were always assigned to Vlacq till, in the course of the pre- 
paration of this Report, it came to light that De Decker was the author, Vlacq 
having only rendered some assistan(*,e. For the history of tliem, as well as 
for their connexion with ‘ Tables des Logarithmes pour les nombres d’un a 
10,000 composes par Henry Brigge,’ Gouda, 1626, and the tables in Wells’s 
‘ Sciographia,’ 1635, see Phil. Mag., October and December (Supp. Xo.), 1872, 
and May, 1873. 

Degen^ 1824. T. I. LogjQ(l .2.3.. . ..r) is given from a?=l to .r=1200, 
to 18 places. The complement of the logarithms from 100 is also added if the 
characteristic be less than 100 — if not, the complement from 1000 or 10,000 ; 
thus log (1.2.... 69)= 98*233 . . . . , and the complement is 1-766 . . . . ; log 

(1.2.... 70) =100*078 . . . . , and the complement is 899*921 The first 

portion of tliis table is reprinted by De Morgan, to 6 2 dace 8 , in the ‘ Ency- 
clopaedia Metropolitana ’ (§ 3, art. 25). 

T. II. The first hundred multiples of the modulus *434 . . . , to 30 places. 

T. III. The first nine multiples of log 2, log 3, log 5, log 6, log 7, log 11, 
log 12, log 13, log 14, log 1 5. log 17, log 18, log 19, log 21, log 22, log 23, log 24, 
log 26, log 28, and log 29 (Briggian). 

The other tables consist of formulae &c. There is a full introduction. 

[De Morgan] 1839. [T. I.] Five-figure logarithms to 10,000 (arranged 
consecutively, and not as in seven-figure tables), with differences, and degrees 
corresponding to the first number in each column. 

[T. II.] Logarithms from 1001 to 1100, to 7 places. 

[T. III.] Log sines, cosines, tangents, and cotangents to every minute, to 
5 places, with differences. 

[T. lY.] Log sines for every second of the first nine minutes, and also for 
every tenth of a minute in the first degree. 

[T. V.] A small table of constants ; most of them taken from Babbage. 

[T. VI.] Log (1.2.3.. . -oa), from .^=6 to 07=25, at intervals of unity, 
and thence to 265, at intervals of 5, these last three tables being also to 5 
places. 

The tables are beautifully printed, and are practically free from error. 
Prof. Wackerbarth states (‘Monthly Notices of the Royal Astronomical 
Society,’ April 1867) that he finds the only error in the work to be among 
the constants on p. 213, line 5, where 2*718281829 should be 2*718281828, 
the following figure being 4, 

There is no name on the titlepage ; but it is well known that the tables 
were prepared by Do Morgan, ^nd they are always spoken of by his name. 
They were examined by Mr. Farley of the Nautical-Almanac Office, 
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De Prasse^ 1814. [T. I.] Pive-figure logarithms of numbers to 339 
(with characteristics), and thence to 10,000, arranged as is usual in seven- 
figure tables. When the fifth figure has been increased it is printed in different 
type. The change in the line is denoted by an asterisk prefixed to the third 
figure of all the logarithms affected. 

[T. II.] Log sines and tangents for every minute to 5°, and thence for every 
ten minutes to 85°, when the intervals are again one minute to 90°, to 5 
places. TT and e, and nine multiples of the modulus and its reciprocal are 
given on the last page. The price is one franc. 

A short review of this work, reprinted from the < Gcittingische gelehrte 
Anzeigen,’ Dec. 19, 1814, will be found on p. 243 of t. iii. of Gauss’s 
‘ Werke,’ On pp. 241-243 is also reprinted a review of the original edition 
(Leipzig), from the same ^ Anzeigen’ for May 25, 1811. 

Dodson, 1747. T. XVll. Least divisors of numbers to 10,000 (mul- 
tiples of 2 and 5 omitted). 

T. XVIII. Primes from 10,000 to 15,000. 

T. XIX. Square and cube roots (to 6 places) of numbers to 180. 

T. XX. Combinations up to the combination of 34 things, 29 together ; 
a table of double entry. 

T. XXI. Powers of 2 to 2'^^ Ac. 

T. XXI I . The first 20 powers of the 9 digits. 

T. XXIII. Pennutatloyis^ viz. 1 . 2. . . .a:, to 07=30. 

T. XXV. Circular measure of 1°, 2°,. . . . 180°; of 1', 2',, , , .60'; of 1" 
.... 60" ; and of V" .... 00"' : to 7 places. 

T. XXVI. Versed sines of arcs, and the areas of the segments included 
by those arcs and their chords to every 15' of the quadrant, to 7 places, with 
differences. 

T. XXVII. The first 9 multiples of 12 constants (viz. tt, - , &c.), 

to 7 places. 

T. XXVIII. Table of polygons, giving any three of the four quantities, 
length of side, radius of inscribed circle, radius of circumscribed circle, area, 
when the fourth is given = 1, for polygons of less than 13 sides, to 7 places. 

T. XXIX. Table of regular solids, giving any four of the five quantities, 
side, radius of circumscribed sjdiere, radius of inscribed sphere, superficies, 
solidity, when the fifth is given = 1, to 7 places, for the 5 regular solids. 

T. XXXII. Seven-figure logarithms to 10,000, with differences. 

T. XXXIII. Antilogarithms, viz. numbers to logarithms from *0001 to 
*9999 at intervals of *0001, to 7 places. 

T. XXXIV. Log sines and tangents for every minute of the quadrant, to 
7 places, with differences ; but between 0° and 2° the differences between the 
logarithms of the arcs and the logarithms of the sines and tangents of those 
arcs are given instead. 

T. XXXV. The number of seconds contained in any number of minutes 
less than 2°. 

T. XXXVI. Logistic logarithms, viz. log 3600®-— log cc from a?=l to 
57=4800® (=80"^) (argument expressed in minutes and seconds), to 4 places. 

T. XXXVII. Neper^s logarithms. The table, however, is really one to con- 
vert common into hyperbolic logarithms, and is in fact, when so regarded, the 
first 1000 multiples of the reciprocal of the modulus, viz. 2*302 . . . , to 6 places. 

T. XXXVIII. Products to 9 x 9999. 

There are, besides, very many other tables of all kinds, astronomical, com- 
mercial, &c» ; we have described all the mathematical ones. 
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Oomlcey 1S52. T. XXX. Quadrate der Minuiendes 8tundenwinlcels,Yiz. 

07=15, and from y=l to y=z60, to one decimal 

place; thus corresponding to 8' 20" the table has 69*4; for 8'20" = 8g = 
8*33 . . . , and its square, retaining one decimal place, is 69*4. 

T. XXXII. Six-figure logarithms to 100, and from 1000 to 10,000, with 
differences ; all the logarithms written at full length. 

T. XXXIII. Log sines, tangents, and secants to every quarter point, to 
G places. 

T. XXXIV. Log sines and tangents for every second, for the first two 
degrees, to 6 places : all the logarithms written at length. 

T. XXXY. Log sines, tangents, and secants, to every minute of the 
quadrant (arguments also expressed in time), with differences, arranged semi- 
quadrantally : all the logarithms written at length. 

T. XXXVI. Xatural sines to every minute of the quadrant, to G places, 
arranged quadran tally. 

T. XXXVII. LoyantJimen der ludhverjlossenden Zeit^ viz. log cosec .7*from 
.^"=:0‘' to a: = 3^ 59™ 55* at intervals of 5*, to 5 places, wuth proportional parts 
for seconds. 

T. XXXVIII. Logarithm en der Mittelzeii^ viz. log 2 sin or, from 
to 07=3^ 59™ 55* at intervals of 5*, to 5 x>l^ees, with proportional parts for 
seconds. 

T. XXXIX. Logarithmen des Stnndenwhil els, viz. log versed sine x, from 
ir=0^^ to ^=7*' 59'“ 55* at intervals of 5% to 5 jilaces, with proportional parts 
for seconds. 

T. XL. Proportional logarithms for every second to 3^, to 4 places ; the 
same as T. 74 of Paper. ^ 

T. XL VII. and XL VIII. occupy one page, and are for the conversion of 
arc into time, and vice versa. 

The other tables are nautical. 

In all the tables the logarithms arc written at full length ; the type is thin 
and very clear, the figures having heads and tails. . 

T. XXX. was calculated from this work; T. XXXI 1., XXXIII., and 
XXXV.-XL. were taken from Xorie’s ‘ Epitome of Navigation, ^ (they are 
Maskelyne’s tables; but see Bowditch, 1802, T. XIII.) and T. XXXIV. 
from Callet. 

On the accuracy of this work see the tract of Gernerth’s referred to in 
§ 3, art. 13 (j). 55). There w^as a second edition in 1855 (Gernerth). 

Donn, 1789. T. I. Seven-figure logarithms to 10,000, with differences. 

T. II. Log sines and cosecants to every quarter point, to 7 places. 

T. III. Log sines and tangents and natural sines for every minute of the 
quadrant, to 7 places. 

T. IV. Log I elap. time, mid time, and rising (see explanation of the 
terms under T. XVI. of Maskelyne, 1802), for every half minute to G^ to 
5 places. 

T. V. Log versed sines and natural tangents and secants for every 10' of 
the quadrant, to 4 places. 

The other tables are nautical. 

We have also ‘ The British Mariner’s Assistant, containing forty Tables. . ’ 
London, 1774, 8vo (352 pp. of tables), the tables of which are the same as 
those described above. 

Douglas^ 1809. [T. I.] apd T. I. Supplement, and T. II. Supplement. 
Logarithms of numbers to 10,999, and from 100,000 to 101,009, to 7 placed 
(without diflferencesl. 
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[ T. 11. j Log bines, tangents, and secants for every minute of the quadrant, 
to 7 places (without difiereiiccs). 

[T. III.J Natural sines, tangents, and secants for every iniiiiito of the 
quadrant, to 7 places (without differences). 

[T. IV.] Natural and log versed sines to every minute, from 0° to 180°, to 
7 places (without differences), 

T, III, Supplement. Table to convert sexagesimals into decimals. It 
gives 1", 2", 4" . . . 58", 1', V 1", 1' 2’\ V 4". . . 1' 58", 2' ... 2' 58", &c. to 
60', expressed as decimals of GO', to 4 places. 

T. IV. Supplement. Logarithms of numbers from 1 to 180, to 15 places. 

Ducoziiy 1820. T. Vll. Proportional logarithms for every second to 
to 4 places ; same as T. 74 of llArEK. 

T. IX. Log sines and tangents for every second to 2° ; then follow log 
cosines and cotangents for every 10" to 2°; and then log sines, cosines, 
tangents, and cotangents from 2° to 45°, at intervals of 10", to G places. 
Proportional parts arc added for the portion where the intervals arc lU". 

T. XIX. Natural sines for every minute of the quadrant, to G places. 

T. XX. Parties proportionnelles for interpolating when the tabular result 

is given for intervals of 24’’, viz. (expressed in hours, minutes, and 

seconds), where cc is 1’", 2"% .... 60”\ and, in the first tabic, y is 1’’, 2’’, . . . ♦ 
24”, and in the second 1"\ 2'", .... G0'*\ 

T. XXL Six-figure logarithms of numbers to 10,800, with corresponding 
minutes and seconds : logarithms printed at full length ; no differences. 
The other tables are nautical &c. 

The tables form the second part of the work. It may be noticed that, in 
the remarks on T. XIX. (p. xiv), the versed sine of a? is erroneously defined 
as if it were 1— sin x, 

Dunn^ 1784, [T. I.] Six-figure logarithms to 10,000. The arrangement 

is the same as is usual in seven-figure tables ; only instead of the numbers 
0, 1, 2, .... 9 running along the top line, they are printed 0-00, 1’OO, 2-00, .... 
9*00, which gives the table the appearance of being arranged differently. 

[T. II.] Log sines, tangents, and secants to every minute of the quadrant, 
to 6 places. At the foot of each i>age is a small table, giving the differences 
(for the sine and tangent) for an interval of GO" in -the middle of the page, 
and their proportional parts for 50", 40", 30", 20", 10", 9", 8", 7", G", 5", 4", 
3", 2", 1". At the end is a table of the differences of the log sines, tangents, 
and secants for every 10'. 

Dupuis^ 18G8. T. I. & II. Seven-figure logarithms from 1 to 1000, and 
from 10,000 to 100,000. Proportional parts to tenths, viz. multiples with 
the last figure separated by a comma, are added. (The separation of the last 
figure is an improvement on the simple multiples given in Sano, 1871, and 
others, as the table can be more readily used by those accustomed only to 
proportional parts true to the nearest unit.) S and T (§ 3, art. 13) are given 
at the bottom of the pages at intervals of 10". Dupuis states in the preface 
that his intention had been that the table should extend to 120,000, and 
that accordingly he had calculated the last 12,000 logarithms by differences, 
but at the request of a number of professors he stopped at 100,000. VTo 
venture to think he would have acted more wisely if he had not listened to 
the professors*; but the matter is of no consequence now, as Sang, 1871, 
extends to 200,000, 

* Several of the ordinary seven-figure tables (Babbage, Cablet, IIulsse’s V'ega, and 
many others) extend to 108,000, and the last 8000 logarithms are given to eight places. 

1873. H 
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T. III. Hyperbolic logarithms to 1000, to 7 places. 

T. IV. & V. First hundred multiples of the modulus and its reciprocal, to 
7 places. 

T. VI. & YII. Log sines and tangents for every second to 5°, to 7 places, 
with negative characteristics (viz. 10 not added). 

T. YIII. Log sines, tangents, cotangents, and cosines (arranged in this 
order) from 0° to 45° at intervals of 10", with negative characteristics, 
to 7 i)laces ; with differences and proportional parts, as before, to tenths. 

T. IX. Circular measure of 1°, 2°, . . . . 180°, 1' . . . . CO', 1" . . . . 60", to 7 
places. 

T. X. (reduction des parties do Tequateur cn temps) ; hours and minutes 
(or minutes and seconds) of time in 1°, 2°, .... 360° (or 1' . . . . 360'), and 
Seconds of time in 1", 2",. . . .60", to 7 places ; then follows an explanation 
of the use of the tables. 

This is the only work we can call to mind in which negative characteristics 
(with the — sign printed over the figure) are given throughout ; and to the 
mathematical computer such are preferable to the ordinary characteristics 
increased by 10. Also the edges of the pages of T. YI.-YIII. are red (the 
rest being grey), which facilitates the use of the tables. It is curious that 
it never should have occurred to any editor or publisher of a collection of tables 
to colour the edges of the pages of the separate tables differently, and print 
thereon also their titles, as is done with the different businesses &c. in the 
London Post-Office Directory. 

Dupuis was also the editor of the 1862 edition of Callet ; and the titles of 
several small tables of logarithms that we have not seen are advertised in 
this work, viz. : — (1) an edition of Lalande’s five-figure tables, with Gaussian 
logarithms added, &c . ; (2) an 18mo book of four-figure tables ; and (3) 
logarithmic and antilogarithmic tables to 4 places, for the use of physicists, 
giving log (1 + at) for the calculation of dilatations &c. 

[Encke^ 1828.] [T. I.] Four-figure logarithms to 100 (with characteris- 
tics and differences), and from 100 to 1009. 

[T. II.] Log sines, tangents, cotangents, and cosines for every 4' from 
0° to 10°, and thence to 45° at intervals of 10', to 4 places, with dif- 
ferences. 

[T. III.] Gaussian logarithms ; B and C are to 4 places, for argument 
A, from A=‘00 to 1*80 at intervals of *01, and thence to 4-0 at intervals of •!, 
with differences. 

Encke’s name is written on the Eoyal Society’s copy of these tables ; and 
they are also spoken of as Encke’s by De Morgan. They are reprinted in 
Wabnstokfjp’s Schumacher, 1845 (§ 4). 

Everett [1866], Two cards (one of which, unfolded, is equal in size to three 
folio pages, the other, which is equal in size to one, being perforated), in a cover. 


This very frequently gives rise to errors, as the computer who is accustomed to three 
leading figures common to the block of figures is liable to fail to notice that in this part 
of the table there are four; and on this account a figure (the fourth) is sometmies 
omitted in taking out the logarithm. It is therefore often desirable to ignore the con- 
tinuation of the table and only use the portion below 100,000. The extra logarithms 
are thus not always an advantage ; and it is on the face of it inconvenient that some of the 
tabular results should be given to 7 and others to 8 places. When tables of logarithms 
are placed in the hands of common computers, it is as a rule better to forbid the use of 
the portion beyond 100,000 ; and it may have been some considerations of this nature 
that induced M. Dupuis to take this number as his limit. But there is no objection that 
we can see against giving the logarijhms beyond 100,000 to 7 places (as in SANG, 1871) ; 
mi this is done, the continuation is found very useful. 
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These cards correspond to the fixed and movable portions of a slide-rule 
100 inches long. A few small tables of cube roots, sines, &c. are printed on 
one of the cards. Prof. Everett (to whom we applied for information with re- 
gard to the date of the table) gives the following brief description— “ Two 
cards, one of them cut like a grating, equivalent to the two pieces of a slide- 
rule ; ” and adds that in the first edition [which is the one we have 
described] one of the cards had a pair of folding leaves attached to it, 
but these merely contained subsidiary tables and directions, and were quite 
unessential. In the next impression the two essential cards and the two 
cards with subsidiary tables and directions were all detached from each 
other.’’ A description of the table is given in the Phil, Mag. for November 
1866. 

Farley^ 1840. [T. I.] Six-figure logarithms to 10,000 (the lino is 

broken when the change occurs in the third figure) ; followed by the loga- 
rithms of numbers from 1001 to 1200, to 7 places. 

[T. II.] Log sines and tangents for every minute of the quadrant, to 6 
places, with differences for 100'". 

III.] TA)g sines from 0° to 2® at intervals of 6". 

There are also a few constants and some formulae. 

Farley^ 1856. This very fine table of versed sines contains : — [T. I.] 
Natural versed sines from 0° to 125® at intervals of 10", to 7 places, with 
proportional parts throughout. 

[T, II.] Log versed sines from 0® to 135® at intervals of 15", to 7 places, 
with differences throughout. The arguments are also given in time, the 
range being from 0^ to 9** to every second. 

A short preface by Mr. Hind states that the table was prepared by Mr. 
Parley, of the Nautical- Almanac Office, in 1831, and the manuscript pre- 
sented by him to Lieut. Stratford, the then superintendent. The manuscript 
liaving been in use for 25 years, and having become dilapidated, it was 
deemed the most economical course to print it.” It is added that the last 
figure cannot be relied on, though it is probably very rarely in error by more 
than a unit. 

These, the most complete tables of versed sines we have seen, are beauti- 
fully printed, in the same type as the Nautical Almanac, 

Faulhaber^ 1630 (^ Ingenieurs-Schul ’). The copy wo have seen of this 
book (viz. that in the British Museum) contains no logarithms, though it must 
evidently have been intended to accompany some tables. In the Brit-Mus. 
copy the work is bound up (in a volume containing four tracts) after the two 
described below and attributed by us to Faulhaber. Murhard gives the 
full titles of this work and of the next two, and marks them as having come 
under his eye ; ho docs not, however, assign the two tables to Faulhaber, 
liogg, who also gives the titles of the three works, attributes them all to Faul- 
haber. He adds, speaking of the tables, that they are also contained in the 
‘ lugenieurs-Schul.’ This is no doubt correct; for, as noted below, some errors 
in the latter work are given at the end of the Canon. It seems therefore 
certain that Faulhaber was the editor of the tables. It may bo mentioned 
that both Hogg and Murhard agree in describing the ^ Logarithmi ’ and the 
‘ Canon ’ as parts of the same work, so that most likely they were never issued 
separately. Hogg gives the date of the ^ Ingenieurs-Schul’ as 1731, which 
must be a misprint for 1631 ; the copy before us is dated 1630, agree- 
ing with Murhard. A lengthy account of Faulhaber and his works will 
be found in KiistneFs < Geschichte,’ Sec also Scheibel, ‘ Math. Bucherk,’ B. 2. 
p. 89. 
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[Faialhaber] 1631 (‘Logaritluni’). Seven-figure logarithms of numbers 
from 1 to 10,000, arranged in columns (three to the page), with charac- 
teristics. As there are 3 columns, there are 99 logarithms on each page. The 
printing is imperfect, the types having here and there become displaced, 
so as to leave no mark. There arc some errata on the last page, headed 
‘‘ Ty])ographus Lectori S.’’ See above, Tauluaber, 1630 (‘ Ingenieurs- 
Schul ’). 

[Faulhaber] 1631 (‘Canon’). Logarithmic sines, tangents, and secants 
for every minute of the quadrant, to 10 places (semiquadrantally arranged) ; 
no differences. Taken from Vlacq, 1628. The table is followed by 8 pages of 
errata in the Frankfort ‘ Ingenieurs-Schul,’ in the logarithms of numbers, and in 
the ‘Canon.’ Except perhaps Norwood, 1631, this is the first reprint of 
Ylacu’s corrected ‘Canon’ (1628), the previous writers having copied 
Gtjnter (1620). Hogg gives place and date as Nuremberg, 1637 ; but 
the copy before us is not so. See above, FA.uLnABp]R, 1630 (‘ Ingcnicurs- 
Schul’). 

Filipowski^ 1849. T. I. Antilogarithms. The numbers (to 7 figures) 
are given answering to the logarithms as arguments, the range being from 
•00000 to 1*00000 at intervals of *00001. The arrangement is exactly the 
same as in ordinary seven-figure tables of logarithms ; and the table occupies 
201 pages. The proportional parts are given to hundredths (viz. 100 pro- 
portional parts of each difference arc given); and the change of figure in the 
middle of the line is denoted by two dots (thus, 0) placed over the fourth 
figure of all numbers affected ; and when a final 5 has been increased it is 
printed V. The first 3 figures in the number are always separated by a 
space from the block of figures. 

T. II. Gaussian logarithms, arranged in a new way. Let A=log a? and 
X=log (a?-f l)(so that 10^=10^ -f 1), then on the first page of the table (p. 203 
of the book) we have A given to 3 places for argument X from X== *00000 to 
•00449 (which last corresponds to A=8*017), at intervals of *00001. On 
the succeeding 16 pages we have X as a tabular result for argument A from 
A= 8*000 to 13*999, at intervals of -001, to 5 places. 

Since log (a -f ^) = log h +• log ^ + 1^, and 

log (rt— 6)=log J+log (|-l). 

it is clear that the rules are very simple and uniform, viz. log a and log h 
being given (6<a suppose), wo take log a— log 6 as argument, and enter 
the table at the A or X column, according as wo want log a-^b or log a — h, 
apd add the tabular result to log 6. In this table also' the notations 0, 
Y, &c. are used, as well as another in which a wavy line runs down by the 
side of the logarithms whose leading figures have changed. This method of 
marking is only possible when the tabular results appear one under the other* 
The figures are throughout neat and clear, having heads and tails ; and the 
copy before us is printed on green paper, of a pleasant colour. In many 
places there is a parsimony of figures, which we dislike extremely ; thus there 
occur 44, 5, 6 as headings for 44, 45, 46, and 0 or 0 for 10 &c. A list of 36 
errors affecting the first 8 figures of Dodson’s Canon (1742) is given, and in- 
troduced by the remark, “ The following is a list of errors as detected, by 
means of our table, in the first 8 places of Dodson’s Anti-Logarithmic Canon, 
in addition to those corrected 'v^ith the author’s own hand.” These words im-»* 
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ply that Mr. Filipowski’s table was the result of an independent calculation ; Or 
at all events they ought not to have been written unless such had been the case. 
It is, however, nowhere stated in the preface that the table was calculated 
anew ; and we may therefore assume that it was copied from Dodson, after 
examination (which would not have been difficult, as a mere verification by 
differences would have sufficed). In a letter by Mr. Peter Gray, in the 
‘ Insurance Record’ for June 9, 1871, there are given two errors in Dodson 
which also occur in Pilipowski, affording additional evidence that the tables of 
the latter were not calculated independently ; and, this being so, Dodson 
has not been treated fairly, as Mr. Pilipowski should have acknowledged the 
obligations he was under to his table. In the same letter Mr. Gray 
gives three other errors in Pilipowski (1st edit.) ; and it is to be in- 
ferred from other passages in the letter that a second and a third edition, 

corrected,” have been published. Mr. Gray proceeds : — “ but he [Pili- 
powski] has never, so far as I know, given a list of the errors contained in the 
first and second, and corrected in the third,” an omission on which he strongly 
(and most justly) animadverts. See Suortrede (1849). 

De Morgan has stated that no antilogarithmic table was published from 
Dodson (1742) till 1849 ; but this is only true if Shortrede’s tables of 1844 
bo ignored ; for wffiich there is no sufficient reason, as they were published 
and sold in that year, and copies of the 1844 edition are contained in all good 
libraries. 

Galbraith, 1827. T. II. Six-figure logarithms of numbers to 10,000, 
with proportional parts on the left-hand side of the page. This table is 
headed “ Logarithms of numbers to 100,000.” 

T. IV. Log sines, tangents, and secants to every quarter point, to 6 places. 

T. Y. Log sines, tangents, and secants to every minute of the quadrant 
(arguments expressed also in time, the intervals being 4®), with differences, 
to 6 places. 

T. VI. jN'atural sines, tangents, secants, and versed sines to every degree 
of the quadrant, to 6 places. 

T. IX. Dhirnal logarithms ; proportional logarithms for every minute 
to 24** (viz. log 1440— log a;) from 07=1 to O7=1440 (expressed in hours and 
minutes), to 5 places. 

T. X. Proportional logarithms for every second to 3°, to 5 places. Same 
as T. 74 of Rater, except that 5 instead of 4 places are given. 

T. LXHI. A few constants. The other tables are nautical. 

There are a few small tables in the introduction that may be noticed, viz. : — 
T. XI. and XII. (p. 113), to express hours as decimals of a day, convert 
lime into arc, &c. ; T. XV. (p. 141), of the areas of circular segments 
(same as in T. XIII. of Hantschl, but to hundredths only, and to 5 places) ; 
and T. XVI., table of polygons (as far as a dodecagon), giving area, and radius 
of circumscribing circle for side=unity, and factors for sides, viz. length of side 
for radius = unity ; there are also one or two small tables for the mensuration 
of solids. 

Galbraith and Haughton, 18G0. [T. I.] Five-figure logarithms to 

1000, arranged in columns. This is followed by a small table to convert 
common into hyperbolic logarithms, and vice versa. 

[T. II.] Five-figure logarithms from 1000 to 10,000, with proportional 
parts. 

[T. III.] Log sines and tangents to every minute of the quadrant, to 5 
places, with differences. 

[T. IV.] Gaussian logarithms, B and C are given for argument A, from 
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A=a’000 to A =2*000 at intervals of *001, thence to 3*40 at intervals of *01 
and to 5 at intervals of *1 to 6 places, with differences. This table is followed 
by a page of constants. 

GurUner, 1742. [T. I.] Seven-figure logarithms to 1000, and from 
10,000 to 100,100, with proportional parts ; the change of the fourth figure 
in the line is not marked ; the first three figures of the logarithm are sepa- 
rated from the block of figures by a point, which is very clear. 

[T. II.] Log sines to every second to L 12", to 7 places, without differ- 
ences; and log sines and tangents throughout the quadrant at intervals of 10", 
to 7 places, with differences. 

[T. III.] Four-figiiro logistic logarithms, viz. log. 3G00"— log x from a?=0 
to .r=4800" (=80') at intervals of 1". 

[T. IV.] Twenty-figure logarithms to 1000, thence of odd numbers to 
1069, and of primes &c. to 1143. 

[T. V.] Twenty-figure logarithms of numbers from 101,000 to 101,139, 
with first, second, and third differences. 

[T. VI.] Anti-logarithms, viz. numbers to logarithms from *00000 to 
•00139 at intervals of *00001, to 20 places, with first, second, and third dif- 
ferences. 

A list of errata is given in the French reprint described below ; and 69 
errors are pointed out by Hutton on p. 342 of the edition of 1794 (and 
no doubt in other editions) of his mathematical tables. The list given in the 
edition of 1822 (the last published in Hutton’s lifetime) is much fuller. Do 
Morgan speaks of Gardiner as rare, and much esteemed for accuracy;” and 
its raritj^ in 1770 is the reason assigned by the French editors for the neces- 
sity of reprinting it. 

Gardiner (Avignon Reprint, 1770). The reprint is so similar to the ori- 
ginal edition that it is only necessary to point out the differences. 

[T. I.] is the same ; but in [T. II.] the log sines arc given at intervals of 
1" as far as 4°, and a similar table of log tangents is added ; they were taken 
from a manuscript calculated by Mouton, bequeathed by him to the Academy 
of Sciences, and lent to the editors by Lalande. Also in the original edition, 
in the second portion of this table, viz. that giving the functions at intervals 
of 10", the parts common to both are repeated ; but this is not done in the 
reprint, in which therefore there is a table of log cosines and cotangents only, 
from 0° to 4°, at intervals of 10", the sines and tangents being given in tho 
previous portion. 

[T. III., V., and VI.] are unaltered ; but [T. lY.] proceeds by odd numbers 
to 1161. One fresh table is added, viz. [T. YII.], giving hyperbolic loga- 
rithms from 1*00 to 10*00 at intervals of *01, to 7 places, and also log^ 10^, . . . 10\ 
Mouton’s manuscript also gave log cotangents and cosines to every second 
of the first four degrees ; but the former are so easily deducible from the tan- 
gents, and the latter vary so slowly, that their publication m exUnm seemed un- 
necessary. A page of errata at the end of the book contains errors in Ylacq 
(1628), in Gabdinek (1742), and in the French reprint itself (1770), tho last 
having been published in the ‘ Connaissance des Temps ’ for 1775. As tho 
‘ Connaissance des Temps ’ could not have been published as much as five 
years in advance, it is clear either that some copies of the French reprint were 
published subsequently to 1770, although retaining that date on the titlepagc, 
or that this page was circulated separately and bound up afterwards with the 
work. Wc have examined two copies, in one only of which this errata-page 
appears. ^ 

STo editors’ names appear in thq work ; but Lalande (Bibliog. Astron. p.516) 
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says that this edition was edited by Pere Pezenas, Pere Dumas, and Pere 
Plaiichard, and adds that he has given an errata-list in the ‘ Oonnaissanco 
des Temps ’ for 1775. On Dumas, mathematician of Lyons, who was La- 
landers first master, he gives a reference to the ^Journal des Savants/ liTo^ 
vember 1770, 

The edition is very commonly known by the name of Pezenas. A good 
deal about Pezenas will be found in Delambre’s ‘ Histoiro de rAstronomio,’ 
pp. 368-386. He was born at Avignon in 1692, and died in 1776. 

The Prench edition is even better printed than the original, but is not 
quite BO accurate. A list of 85 errors is given by Hutton on p. 343 of his 
mathematical tables in the edition of 1794, while ho discovered only 69 
in the original edition ; more complete lists are to be found in the later 
editions. 

Graesse (‘ Tresor’) says that there was a reprint of Gardiner in octavo at 
Florence by Canovai and Picco. 

^Gardiner (Paris edition, 1773). Pogg gives the title of a Paris edition 
of Gardiner, viz. ‘Tables des Logarithmes dc Gardiner, fol., Par. Chez Bail- 
lard et NyoUj 1773/ which he takes from the ‘Journal litterairc do Perlin,’ 
t. vii. p. 318 ; but the fact that Lalande docs not mention it seems to him 
very suspicious: wo have seen no other referoiice to it, and agree with Pogg. 

Garrard^ 1789. This work contains only traverse and meridional ])art 
tables. It is referred to here, as its title would imply that it was included 
in the subject of the Peport. 

Gordon^ 1849. T. IX. Log sines, tangents, and cosecants for every 
minute from 6° to 90°, to 4 places. 

T. X. Proportional logarithms for every second to 3°, to 4 places : same 
as T. 74 of Paper. 

T. XI. Small table to convert space into time. 

T. XVII. Half-sines and half-cosincs, viz. halves of natural sines for 
every minute of the quadrant to four places, reckoned as seconds for the 
purpose of adapting them to the table of proportional logarithms : thus, cor- 
responding to 12° 40' we find as tabular result 18' 16"; for the number of 
seconds in this angle = 1096, and -t- sin 12° 40'= -1096 . . . 

T. XYIII. Logarithms of the meridian distance, viz. log vers sin x), 
from .r=0’' to .r = 7*‘ 59"^ 55® at intervals of 5®, to 4 places. 

T. XIX. Proportional logarithms for every minute to 24^ viz. log 1440 
—logo? from a;=l to ^^=1440, to 4 places (arguments expressed in hours 
and minutes). 

'T. XXI. Proportional logarithms for one hour, viz. log 3600— log x 
from .r=l to 07=3600, to 4 places (arguments expressed in minutes and 
seconds). 

The other tables are nautical. 

Gregory, Woolhouse, and Hann, 1843. T. VIII. Proportional 
},ogarithras for every second to 3°, to 4 places; same as T. 74 of Paper. 

T. IX. Log sines, tangents, and secants for every minute of the quadrant, 
to 5 places. 

T. X. Natural sines to eyery minute of the quadrant, to 5 places. 

T. XI. Five-figure logarithms from 1000 to 10,000, with proportional 
parts. 

T. XII. Proportional logarithms for every minute to 24^, to 4 places, viz. 
log 1440— log X from ^=1 to 1440 at intervals of unity (arguments ex- 
pressed in hours and minutes). 

The ot]her tables are nautical. 
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Griffin^ 1843. T. IG. Log sines, tangents, and secants to every quarter 
point, to 6 places. 

T. 17. Six-figure logarithms of numbers to 100, and from 1000 to 10,000, 
to 6 places, with differences. 

T. 18. Log sines, tangents, and secants to every minute of the quadrant 
(arguments expressed also in time), to 6 places, with differences for the sines 
and tangents ; arranged semiquadrantally. 

T. 19. IS^atural sines to every minute of the quadrant, to 6 places, 
without differences. 

T. 41. Proportional logarithms to every second to 3°, to 4 places ; same as 
T. 74 of Paper. 

The logarithms are in all the tables printed at full length. The other 
tables arc nautical. 

Gruson, 1832. T. I. Seven-figure logarithms to 10,000 : no differences. 
The change in the line is marked by a difference of type in all the logarithms 
affected. In three or four parts of the book this table is stated to extend to 
10,100, but the limit is as above ; and there is no possibility of a page having 
been tom out, as the next table is printed on the back of the page ending 
with the number 9999. 

T. II. & III. Squares and cubes of all numbers from 1 to 1000. 

T. IV. & V. Square and cube roots of all numbers from 1 to 1000, to 7 
places. 

T. VI. Circular measure of 1*^, 2"^, 3"^ . . . 3G0°, of 1', 2', . . . GO', and of 
1", 2", . . . GO", to 7 places. 

T. VII. Natural and log sines, cosines, tangents, cotangents, secants, and 
cosecants, to 7 places, with differences from 0° to 5° at intervals of 1', and 
thence to 45^ at intervals of 10'. 

The book was intended for schools. 

Hantschl, 1827. T. I. Five-figure logarithms (written at full length) 
of numbers from 1000 to 10,000. 

T. II. Log sines for every 10 seconds from O'^ to 90°, to 6 places. 

T. III. Log tangents for every 10 seconds from 0° to 90°, to 6 places. 

T. IV. Ten-figure logarithms of primes to 15,391. 

T. V. Natural sines, tangents, secants, and versed sines for every minute 
of the quadrant, to 7 places ; arranged semiquadrantally. 

T. VI. Hyperbolic logarithms of numbers to 11,273, to 8 places. 

T. VII. Least divisors of numbers to 18,277 (multiples of 2, 3, 5, and 
11 excluded). 

T. VIII. Squares, cubes, square and cube roots (to 7 places) to 1200. 
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inteiTals of *01 , to 7 places. 

T. X. Circular measure of 1°, 2°, 3°, ... 180°, of 1', 2' . . . 60', and of 
1", 2" . . . 60", to 15 places. 

T. XI. The first nine multiples of 
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to 24 or 21 places. 

T. XII. Small table to express minutes and seconds as decimals of a 
degree. ♦ 

XIII. Areas of segments df circles for diameter unity to 6 places : the 
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versed sines arc the arguments ; and the table proceeds from *001 to *500 (of 
the diameter). The t able may therefore be described as giving ^(20— sin 2d) 
from j(l— cosd) = *001 to *500 at intervals of •001. 

A few constants are then given to a great many places ; and the last page 
(T. XIY.) is for the calculation of logarithms to 20 places. 

The work is clearly printed, 

Hartig, 1 829. The tables are of so commercial a kind that only one or 
two deserve notice here. 

The first (T. I.) is for computing the contents of planks &c., the thickness and 
breadth being given in Zolle and the length in Fussc, and maybe described 
as a sort of duodecimal table, as the Kubik-Zoll = Kubik-Puss, and the 
Kubik-Linic = Kubik-Zoll. Thus for arguments 3 Zoll, 13 Zoll, and 
5 Puss we have 1 F. 4 Z. 3 L. as result ; for x x 6=||^=1 jA. , 

The arguments arc: — (thickness) 1 Zoll to 9 Zoll at intervals of | Zml; 
(breadth) 1 Zoll to 18 Zoll at intervals of 1 Zoll; (length) 1 Puss to 60 
Puss at intervals of 1 Puss. 

Another table (T. II.) is of the same kind, only intended for blocks &c. ; 
BO that the thickness is greater, and the result is only given in fractions of 
a Kubik-Puss. 

T. III. contains volumes of cylinders for diameter (or circumference) of 
section and length as arguments ; expressed as in T. I. and II. The money- 
tables can have no mathematical value, as the Thaler = 30, 24, or 90 
Groschen, &e. 

T. X. is for the calculation of interest. The simple-interest tables (T. A) 
are too meagre to be worth description. T. B and C may bo described as 
giving the compound interest and present value of £1 for any number of 
years up to 100 at 3, 4, 5, and 6 per cent, per annum, viz. 

to 6 decimal places. 

Other tables of this kind that wo met with have not been noticed ; the 
title of one such is given under Jahn, 1837. 

Hassler, 1830. [T. I.] Seven-figure logarithms of numbers from 10,000 

to 100,000, with proportional parts. The line is broken for the change in 
the third figure, as in Callet. 

[T. II.] Log sines and tangents for every second of the first degree, to 7 
places. 

[T. III.] Log cosines and cotangents for every 30" of the first degree, to 
7 places, with differences. 

[T. lY.] Log sines, cosines, tangents, and cotangents, from 1® to 3®, at 
intervals of 10", with diflerences, and from 3° to 45°, at intervals of 30", with 
differences for 1 0", to 7 places. 

[T. Y.] Natural sines for every 30" of the quadrant, with dififerences for 
10", to 7 places. 

Copies of this book were published with Latin, English, Prench, German, 
and Spanish introductions and titlepages (the titles will be found in tho list 
at the end of the Keport). The tables are the same in all ; and the special 
titlepages for each table have the headings in the five languages. The 
Royal Society’s library contains the Latin copy perfect, and the introduce 
tions in the four modern languages bound together in another volume, pre- 
sented to the Society by the author. At the end of the latter volume is 
pasted-in a specimen page of the table, set up with the usual even figures ; 
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and tke author has written on tho back, This sheet proves that, with 
the usual form of figures of tho same size as those used in tho tables, they 
would not have been distinctly legible.’’ The figures actually used are very 
thin, and have large heads and tails, resembling somewhat figures made in 
writing ; and a comparison of the specimen and a page of the tables shows 
very clearly the superiority of the latter in point of distinctness. The words 
in minima forma are quite justified, as we do not think it would be possible 
to make the tables occupy less room without serious loss of clearness, All 
that is usually given in a page of seven-figure logarithms is here contained 
in a space about 3 in. by 5 in. ; and yet, owing to the shape of tho figures, 
every thing is very distinct. Tho author says on tho titlepago, purgaicB 
ah eiTorihus prcecedeniium tahularumf^ but the last figure of log 52943 
is printed 6 instead of 5. There is also another last-figure error. See 
^ Monthly Notices of the Eoy. Ast. Boc.,’ March 1873. 

A short review of this work by Gauss appeared in the ‘ Gottingischo gc- 
lehrte Anzeigen,’ March 31, 1831 (reprinted ‘ Werke/ t. iii. p. 255). 

Henrion^ 1626. [T. I.] Logarithms to 20,001, to ]() places, wilh 

interscript differences (characteristics not separated from the mantissie), 
copied from Beiogs, 1624. 

[T. II.] Log sines and tangents for every minute, to 7 places (charac- 
ieristics unseparated from tho mantissse), taken from Gtotee, 1620. Hek- 
BioN had calculated some logarithms himself when he received Briggs’s work 
(see PhU. Mag., Supp. No. Dec. 1872). The copy of Heniuon we have 
Been is in tho Brit. Mus. Tho full titlepage is given in § 5. 

Hentschen (Vlacq), 1757. [T. I.] Natural sines, tangents, and secants, 
and log sines and tangents to every minute, to 7 places (arranged on what Do 
Morgan calls the Qellibrand model) (180 pp.), and [T. II.J logarithms of 
numbers to 10,000, to 7 places, arranged in columns (100 pp.). 

A former edition of 1748 is spoken of in the preface ; and it is stated that 
the tables were compared with the editions of Ylacq, Leyden, 1051, the Hague, 
1665, and Amsterdam, 1673. The typo is very bold and clear, much easier 
to read than in most modern tables. 

This is one of the numerous series of small tables known by tho name of 
Ylacq, and is described here because it is not mentioned by De Morgan ; 
small editions like the present are so difficult to meet with that it is desirable 
to notice them whenever any are found. 

Hobert and Ideler, 1799. [T. I.] Natural and log sines, cosines, tan- 

gents, and cotangents for the quadrant, divided centesimally; viz. these func- 
tions are given for arguments from *00001 to *03000 of a right angle at in- 
tervals of *00001 of a right angle, and from *0300 to *5000 of a right angle 
at intervals of *0001, to 7 places, with differences. Expressed in grades (cen- 
tesimal degrees) &c., the arguments proceed to ^ at intervals of 10", and 
thence to at intervals of 1'. The manner of calculation of the table 
^s fully explained in the introduction ; and this adds much to the value of the 
work. Several of the fundamentg were calculated to a great many places. 
Two or three constants are given on p. 310. 

B. Table of natural sines and tangents for the first hundred ton-thousandths 
(viz. for -0001, *0002 &o.) of a right angle, to 10 places. 

C. Four tables, expressing (I.) 1°, 2°, 3°, 89®, (II.) 1', 2', 59', 

<m.) r, 2",. . . ,59", (IV.) 1'", 2'",. . . .59'", all as decimals of 90®, to 14 
places. ^ 

D. Three tables to express (1.) hundredths, (II.) thousandths, (III.) ten-r 
^tboi^ndths of 90®, in degrees, minutes, ,and seconds (sexagesimal). 
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E. Four tables to express (I.) hours, (II.) minutes, (III.) seconds, (IV.) 
thirds, as decimals of a day. 

E. Small table to express decimals of a day, in hours, minutes, and 
seconds. 

G. Circular measure of *1, *2, . , . , *9, 1-0, of a right angle, to 44 places. 

[T. III.] Logarithms of numbers to 1100, and from 999,980 to 1,000,021, 
to 36 places. 

The work concludes with two remarkable lists of errata found in the course 
of the calculations, viz. 381 errors in the trigonometrical tables of Callet, all 
of which, with one exception, affect only the last figure by a unit, and 138 
similar errors in Vegans ‘Thesaurus/ 1794. The errors in Callet have, we 
presume, been corrected in the later tirages, 

Hotiel, 1858. T. I. Five-figure logarithms of numbers to 10,800 -with 
the corresponding degrees, minutes and seconds, and proportional parts. 
The constants S and T (see § 3, art. 13) arc given at the top of the page ; 
then follows a page of small tables for the conversion of degrees, minutes, &c. 

T. II. Natural and log sines, tangents, and secants to every minute of the 
quadrant, to 5 places, with proportional parts. 

T. III. Gaussian logarithms. The addition and subtraction tables are sepa- 
rated, as in Zech (§4). In the first B is given for argument A, from A=*000 
to 1*650 at intervals of *001, thence to 3*00 at intervals of *01, and thence 
to 6*0 at intervals of *1. In the second B is given for argument C, from 
C=*3000 to *4800 at intervals of *0001, thence to 1*500 at intervals of *001, 
thence to 3*10 at intervals of '01, and to 5*0 at intervals of *1, with pro- 
portional parts : all to 5 places. These tables are followed by the first hun- 
dred multiples of the modulus and its reciprocal, to 8 places. 

T. IV. Tables to calculate logarithms to 8 places &e. 

T. V. (one page). To calculate logarithms to 20 places. 

T. VI. A page of four-figure logarithms to 600, and of three-figure anti-^ 
logarithms. 

T. VII. Least factors of composite numbers (not divisible by 2, 3, 5, or 11) 
up to 10341 . 

T. VIII. A page of constants. [We have since obtained a nouvello 
edition, revue et augmentee,^^ Paris, 1871, pp. 118 and introduction xlvi.] 

Hulsse’3 Vega, 1840. T. I, Seven-figure logarithms to 1000, and from 
10,000 to 108,000, with proportional parts ; the change in the line is denoted 
by a small asterisk prefixed to the fourth figure of ail the logarithms affected. 
The portion from 100,000 to 108,000 is given to 8 places. One page at 
the end is devoted to a small table to convert common into hyperbolic seven- 
figure logarithms, and vice versa, 

T. II. Log sines, tangents, and arcs (all equal) to every tenth of a second 
to 1' ; log sines and tangents from 0° O' to 1° 32' to every second ; log sines, 
cosines, tangents and cotangents for every ten seconds from 0° to 6°, and 
for evoi*y minute to 45° : all to 7 places. When the intervals are 10" or 1', 
differences for a second are added : the logarithms are written at length. 
The table is followed by a page giving the circular measure of 1°, 2°, ... . 10°, 
and thence by tens to 360°, of 1', 2', . . . . 60', and of 1", 2", .... 60", to 11 
places. 

T. III. Natural sines and tangents to every minute of the quadrant, to 7 
places, with differences for 1". 

T. IV. Chord-table to radius 500, viz. lengths of semicho^ds of arcs 
i. c, sin from 0° to 125° at intervals of 5', to 6 laces, for radius unity. 
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This table is followed by 2 pages of tables for the conversion of centesimals 
into sexagesimals &c. 

T. V. All prime divisors of numbers to 102,000 (multiples of 2, 3, and 5 
excluded), and primes from 102,000 to 400,313. 

T. VI. Hyperbolic logarithms of numbers to 1000, and of primes from 
1000 to 10,000, to 8 places. This is followed by powers of 2, 3, and 5 to the 
45th, 36th, and 27th respectively. 

T. YII. Powers of e and their logarithms, viz. e* and log from a?=:* 01 
to a? =10 at intervals of *01, to 7 figures and 7 places respectively. 

T. VIII. Square and cube roots of numbers to 10,000, to 12 and 7 places 

respectively. The table is followed by a page of coefiicients, such as ^ ^ 

1 1.3 

2~4^’ 2™¥~5’ places, and their logarithms to 7 places. 

T. IX. Power-tables. A, the first 11 powers of numbers from *01 to 1*00 
at intervals of *01, to 8 places. B, the first 9 powers of numbers from 1 to 100. 
C, squares and cubes from 1 to 1000. D, the first hundred powers of I'Ol, 1*02, 
1-025, 1*0275, 1*03, 1*0325, 1-035, 1*0375, 1-04, 1*045, 1-05, 1-06, to 6 places. 
E, the first hundred powers of the reciprocals of these numbers, to 7 places. 
E, the sums of the powers in D : this table therefore gives . . . .a?** 

^ values of or written down under B, and forn = 1, 2, 3, . . . . 

100. G stands in the same relation to E that F does to B. The tables from 
B to G were calculated for their use in computing interest &c. 

T. XII. An extended table of Gaussian logarithms. It gives B from A=» 
•000 to A =2-000 at intervals of *001, from A =2-00 to A =3*39 at intervals of 
•01, and thence toA = 5*0 at intervals of -1, to 5 places. There are also given, be- 
sides, other quantities for the same arguments, viz. C (= A-fB), B (=B-f C), 
E (=A-hC), and F (=B--A), all to 5 places, with differences and propor- 
tional parts (of two kinds) for B and C. 

^ T ^ .11 . .r(a7--l) 07(^7— 1). .. .(a?— 6) _ 

T. XIII. Interpolation table, viz. from 

a? =*01 to 07=1*00 at intervals of *01, to 7 places ; then follows a page of 
constants. There are, besides, mortality tables, very complete tables of mea- 
sures and weights of different countries, &c. The table of 12-place square 
roots was published^ here for the first time *. it was calculated by Hensel in 
1804. The seven-place cube roots, the chord-table, and the new columns of 
the Gaussian table were calculated by Br. Michaelis, of Leipzig. The author 
draws attention to the fact that the last figures in T. VITI. and XII. are given 
correctly. 

It is a matter of sufficient interest to note here that, though the work is called 
an edition of Vega, it contains one error from which the other tables known by 
the name of Vega and published subsequently to his folio of 1794 were free. 
In Vlacq (1628), log 52943 was printed 7238085868 instead of 7238085468, 
and the error was first pointed out and corrected by Vega in his folio of 1794. 
All the seven-figure tables, therefore, from 1628 to 1794 (and several of the 
subsequent tables also), have 7238086 instead of 7238085 ,* but Vegans small 
editions (the ‘ Manuale ^ and ^ Tabulae ’) have the logarithms correctly printed. 
In HClsse’s edition, however, the error is reproduced afresh, and the last figure 
is printed 6. It follows therefore either that Hiilsse did not reprint Vega’s 
^ble, or that, if he did, he noticed the discrepancy, and decided in favour of 
ihe erroneous value. The slight suspicion thus cast on these tables is unfor- 
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tunate, as they form a most valuable collection, and are supplemental to 
Callet. We have seen adv^ertised a second edition (1849) ; and Zech’s tables 
(see Zech, 1849, § 3, art. 19) are extracted from it. The last-figure error 
noticed above is the only one of the hereditary Ylacq’s errors that appears 
in the table of the logarithms of numbers ; so that but for this cuiious 
blunder the present work would have been, we believe, the first to 
be free from errors of this class (see ‘ Monthly Notices of the Roy. Ast. 
Soc.’ March, 1873). Some remarks by Gauss on T. XII. appear in t. iii. 
pp. 255-257 of his ‘ Werke.’ 

Hutton^ 1781 (products and powers of numbers). [T. I.] Products to 
1000 X 100 (pp. 51). 

[T. II.] Squares and cubes of numbers from 1 to 10,000 (pp. 54-78). 

[T. Ill,] Squares of numbers from 10,000 to 25,400 (pp. 78-100). 

[T. IV.] Table of the first ten powers of numbers from 1 to 100. Two 
errors (viz. the last three figures of 81* should be 401, not 101, and the last 
three of 98^ should be 672, not 662) are pointed out by the reporter in the 
Philosophical Transactions, 1870, p. 370. 

The remaining three pages of the book are devoted to weights and mea- 
sures &c. The table is closely printed ; and some of the pages contain a great 
many figures, as there are a hundred lines to the page. De Morgan states 
that the table has not the reputation of correctness ; and the charge is no 
doubt true, as, besides the two errors noted above (both of which we found 
on the only page we have used), it is to be inferred from Barlow’s intro- 
duction to his tables that he found errors ; he did not, however, publish any 
account of them. 

. Hutton^ 1858. T. I. Seven-figure logarithms to 1000, and from 10,000 
to 108,000, with proportional parts for all the differences. The change in the 
line is denoted by a bar placed over the fourth figure of all the logarithms 
affected. 

T. II. Logarithms to 1000, and thence for odd numbers to 1199, to 20 
places. 

T. III. Logarithms from 101,000 to 101,149, to 20 places, with first, 
second, and third differences. 

T. lY. Antilogarithms, viz. numbers to logarithms from *00000 to 
•00149 at interv^s of *00001, to 20 places, with first, second, and third 
differences. 

T. Y. Hyperbolic logarithms from 1*01 to 10*00 at intervals of *01, and 
for 10*. . . .10*, to seven places. 

T. YI. Hyperbolic logarithms to 1200, to seven places. 

T. YII. Logistic logarithms, viz. log 3600"— log a:, from ^=1" to 
5280" (=88') at intervals of 1", to four places, the arguments being ex- 
pressed in minutes and seconds. 

T. YIII. Log sines and tangents to every second of the first two degrees, 
to seven places ; nd differences. 

T. IX. Natural and log sines, tangents, secants, and versed sines for every 
minute of the quadrant, with differences, to seven places, semiquadra n tally 
arranged. The natural functions occupy the left-hand pages, and the loga- 
rithmic the right-hand. In both these last two tables the logarithms are all 
written at full length. 

T. XI. Circular ares, viz. circular measure of 1®, 2°, . . . . 180°, of 1', 2' 
.... 60', of 1" ... . 60", and of 1'" to 60'", to seven places. 

T. XII. Proportional parts to hundredths of 2*302 . . . . , the reciprocal of 
tlie modulus. 
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Some Constants are given in T. XX. ; the other tables consist of a traverse 
table, formuhe, &c. 

The edition described above is one of those edited by Olintb^s Gregory, 
and is the last we have met with. The first edition was published in 1785, 
the second in 1794, the third in 1801, the fifth in 1811, and the sixth, the 
last published in Hutton^s lifetime (he died 1823), in 1822, 

We have compared the first, second, and sixth editions, and that of 1 858 
described above. The first two are nearly identical, so that we need only 
notice the differences between the tables of 1785, 1822, and 1858. In both 
the two former of these editions T. I. only extends to 100,000 ; and while in 
that of 1785 the change of figure in the line is not marked at all, in that of 
1822 the fourth figure in the first logarithm affected only is marked. T. II. is 
the same in the 1822 edition, but it ends at 1161 instead of 1199 in that of 
1785. T. III. in 1785 ended at 101,139, and is extended to 101,149 in both 
the other editions, as also did T. lY. originally end at *00139. In the edi- 
tions of 1785 and 1822 occur two tables that were left out by Gregory in 
1830 and in succeeding editions, viz. T. 5, giving logarithms of all numbers 
to 100, and of primes from 100 to 1100, to 61 places, and T. 6, giving the 
logarithms of the numbers from 999,980 to 1,000,020, to 61 places, with first, 
second, third, and fourth differences. T. YI., of hyperbolic logarithms, ap- 
pears in the edition of 1822, hut not in that of 1785. T. YII. extended only 
to 80' in 1785. 

To all the first six editions is prefixed Hutton’s introduction, containing a 
history of logarithms, the diflerent ways in which they may bo constructed, 
&c. This very valuable essay was omitted by Gregory in the seventh (1830) 
and subsequent editions (on account of its being rather out of place in a col- 
lection of tables), and with some reason. In the 1785 edition it occupied 
180 pp., 55 pp. of which are the Description and Use of the Tables.” This 
portion Gregory retained; and in the 1858 edition it occupied 68 pp. 

The whole work was reset in the later editions, published in Hutton’s 
lifetime, the chief additions, as we infer from the preface, having been made 
in the fifth (1811) edition. On the last page of the 1822 edition are some 
errata found in Callet (1783, 1795, and 1801), and also in Taylor (1792); 
the lists of errors in Gardiner (London and Avignon) are also more complete 
than in the earlier editions. Hutton’s tables were the legitimate successors 
of Sherwin’s, and bring down to the present time one of the main lines ' of 
descent from Ylacu (see Sherwin, § 4). 

Inman^ 1871. [T. I.] Logistic logarithms, viz. log 3G00*— logo? from .r 
s=2 to ii?=3600" (=60“) at intervals of 2*, to 5 places. Arguments expressed 
in minutes and seconds. 

[T. II.] Proportional logarithms, viz. log 10800''— log a? to every second 
to 3° (same as T. 74 of Haver, only to 5 places instead of 4), preceded by a 
page giving the same for every tenth of a second to 1'. 

[T. III.] Log sines at intervals of 1" to 50', to 6 places. 

[T. lY.] Log sines, tangents, and secants at intervals of 1" to 3^ (argu- 
ments also given in arc, the intervals being 15"), to 6 places : the table ia 
followed by a page of proportional parts for use with it. 

[T. Y.] J log Jiaversines, viz. | log semi- versed sines = log sin g, from 

to 15° at intervals of 15", thence to 60° at intervals of 30", and 
thence to 180° at intervals of 1', to 6 places (arguments also in time). 
Ifote , — In several instances inHhis table ' is misprinted for ". 

[T. YI.] Log Jiaversines, Same as preyious table, except that 2 log sin 
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~ is the function tabulated ; so that all the results are double those in [T. V.], 

and that the intervals are 15" up to 135°, and then 1' to 180°. 

[T. YII.] Six-figure logarithms to 1000, and from 1000 to 10,000 in de- 
cadeSj with proportional parts. 

[T. VIII. J Natural versed sines to every second (of time) to 30“, to 6 
places. 

[T. IX.] Natural versed sines to every minute (of arc) to 180°, to 6 places, 
with complete proportional parts for every second up to 60". The other 
tables are nautical. 

The paging of the book runs at the top of the pages to 216, and thence at 
the bottom to 275 ; it then recommences at the top at p. 217. This is no 
doubt caused by [T. Y*, YI.] having been introduced in this edition only. 

“We have seen the original work, ‘ Nautical Tables designed for the use of 
British Seamen, by James Inman, D.D. London, 1830’ (400 pp. of tables), 
but have not compared the two together : except for the “ haversines,’^ how- 
ever, the tables seem to be nearly identical in the two editions. 

Inman’s ^Navigation and Nautical Astronomy ’ (2nd edit.), Portsea, 1826, 
contains no tables. 

Irsengarth, 1810. These are merely land tables, and the units (Ruthe, 
Fuss, &c.) are so special that they do not appear to possess any mathema- 
tical value. 

Jahn, 1837. Yol. I. Six-figure logarithms to 100,000 ; the change in 
the line is denoted by a dagger (t) prefixed to the fourth figure of all loga- 
rithms affected. There are no proportional parts on the page ; but they are 
given in a separate table at the end. 

Yol. II. Logarithmic sines and tangents for every second of the first 
degree ; log sines and tangents for every third second of the quadrant (scrai- 
quadruntaUy arranged) : all to 6 places. Proportional parts are given in the 
extreme right and left columns of the double page for every twentieth of the 
three-second interval. 

The introductory matter is both in German and Latin. 

We rather like the paper on which the second volume is printed ; though 
not of a good quality, it is thick and stift‘, and of a brownish colour, so that 
the book could be, wo think, used for a long time at once without injury to 
the eye: the first volume (in the copy before us), however, is printed on 
paper of the soft, flaccid kind common in German books. 

The author was led to publish his tables by observing that nearly all those 
in use were either five- or seven-figure tables. 

We have seen, by the same author, ‘Tafeln zur Berechnung fur Kubik- 
Inhalt &c.,’ 2nd edit., Leipzig, 1847 ; but the tables are commercial (argu- 
ments expressed in Zolle, Ellen, &c.), and do not need notice here. 

Kerigan, 1821. T. YIII. Log sines for every second to 2°, and thence, 
at intervals of 5", to 90°, to six places ; in this latter part of the table pro- 
portional parts for seconds are added, so that the table practically gives log 
sines to every second; arranged quadrantally. The logarithms are all printed 
at length. 

T. IX. Natural sines from 0° to 90° at intervals of 10'', to six places; 
no difi’crcnces ; the sines written at length. 

T. X. Six-figure logarithms from 1000 to 10,000, with proportional parts ; 
arranged as is usual in seven-figure tables; the change in the line is 
marked by the ciphers after the change in the third place being filled in, 
so as to render them black circles. 
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T. XI. Logarithmic Rising^ viz, log versed sines from 0^ to at inter- 
vals of 5*, with proportional parts to seconds, to 5 places : the logarithms are 
written at lengtL 

T. XII. Proportional logarithms for every second to 3°, to four places ; 
same as T. 74 of Paper. 

T. XIII. Small table to convert arc into time ; the other tables are 
nautical. 

Kohler^ 1832. [T. T.] Pive-figure logarithms to 10,000, arranged con- 

secutively in columns, with differences and characteristics ; the degrees, min- 
utes, <fec. for every thirtieth number are added. 

[T. II.] Log sines and tangents for every minute of the quadrant, to five 
places, with differences. 

[T. III.] Gauss’s table (§ 3, art. 19) ; viz. B and C are given for argument A 
from *000 to 2*000 at intervals of *001, thence to 3*40 at intervals of *01, 
and to 5 at intervals of *1, to five places, with differences. 

There are besides a few constants; the introduction is in French and 
German. 

Kohler, 1848. [T. L] Seven-figure logarithms to 1000, and from 10,000 

to 108,000 (this last 8000 being to 8 places), with differences and proportional 
parts ; the change in the line is denoted by a bar placed over the fourth figure of 
all the logarithms affected. The constants S and T (§ 3, art. 13) and the 
variation are given at the top of the page, as also is tlic number of degrees, 
minutes, &c. corresponding to every tenth number. At the end are the first 
hundred multiples of the modulus and its reciprocal to 8 places, and a small 
table to convert arc into time. 

[T. II.] Gaussian logarithms : B and C are given too places (with differences) 
for A = *000 to 2*000 at intervals of *001, thence to 3*40 at intervals of *01, 
and to 5*0 at intervals of *1 (same as Gauss’s table 1812, § 3, art 19). 

[T. III.] Briggian logarithms of primes from 2 to 1811, to 11 places, fol- 
lowed by 2 pages of constants, some weights and measures, &c. 

[T. IV.] Log sines, tangents, and arcs (all equal) for every second to 1' ; 
and log sines, cosines, tangents, and cotangents for intervals of 10" to 10^, 
and thence for intervals of 1' to 45°, to 7 places, with differences for one 
second. 

fT. V.] Circular measure of 1°, 2°. . . .100°, 110°. . . .300°, 330°, 3G0°, 
of 1', 2'. . . . 60', and of 1", 2". . . .60", to 11 places. Then follow some for- 
mulae, and we come to the second part of the work, ^ Mathematische Tafeln, 
die oft gebraucht werden,’ containing : — 

T. I. Hyperbolic logarithms (to 8 places) of numbers from 1 to 1000, 
and of primes from 1000 to 10,000. 

T. II. The first 45, 36, and 27 powers of 2, 3, and 5 respectively. 

T. III. ^ from 07 =*01 to 10*00 at intervals of *01 to 7 figures. 

T. IV. The first ten powers of numbers from 1 to 100. 

T. V. Squares of numbers from 1 to 1000. 

T. VI. Cubes of numbers from 1 to 1000. 

T. VII. Square and cube roots (to 7 places) of all numbers from 1 
to 1000. 

T. VIII. Factor tables, giving all divisors of all numbers not piiine or 
divisible by 2, 3, or 5, from unity to 21,524. 

T. IX. To express minutes and seconds as decimals of a degree &c. 

T. X. Binomial- theorem coefficients, viz. &c 

^ 1.2^ 1 . 2 . 3 , 4 * 

from ,T=*01 to 1*00 at intervals of *01, to 6 places. 
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. XI. Decimal values of certain coefficients, such as ^ 


.^.5 1 

47oT7’ 2.4.5’ 


&c., with thoir logarithms. There are 40 in all ; and the table 
occn^g one page. 

A ^ward of a loiiis d’or was offered for every error found in the first 
cditioti errors so found arc corrected in the second, here described. 

1805. [T. I.] Five-figure logarithms of numbers from 1 to 

10,000, i*ranged consecutively in columns, with differences. 

[T. II.] and tangents for every minute of the quadrant, to 5 
places. All-Explanation of 34 pp. is prefixed. 

Ijalande,! ^29. [T. I.] Seven-figure logarithms to 10,000, arranged in 

columns with tvaracteristics and differences ; the number of degrees, minutes, 
&c. for the first number in each column (viz. for every thirtieth number) is 
given at the top. 

[T. II.J Log siiiui and tangents for every minute of the quadrant, to 7 
idaccs, with differences. 

^ Lambert, 1798, f . I. Divisors of all numbers up to 102,000 not divi- 
sible by 2, 3, or 5. If the number is the product of only two prime factors, 
then the least only is giye^^ . but if of more than two, the others are given, 
except the largest. The table therefore gives all the simple factors except 
the greatest. The letters 7,^ ^^rc. areusedfor 11,13, 17, &c. (as explained 
on p. xviii of the introduction), not only because they occupy loss 3’ooin, but 
also because they can bo placed in contact without risk of mistake; the 
least factor, however, is always written at lengUi. 

T. II. Abacus numeroruru ]^>rimorum, viz. first 10 multiples of all the 
primes up to 313. 

T. III. Seven products, each of seven consecutive primes, from 7 to 173. 

T. IV. List of the three-figure endings that squares of odd numbers 
admit of. 

T. VI. Primes from 1 to 101,977. 


T. VII.-IX. Powers of 2 to 2'\ of 3 to 3'^ of 5 to 
T. XL (to 7 places) for ,r=-l, *2, ... d), 1, 2, . . . 10. 

T. XIII. & XV. Hyperbolic logarithms (to 7 places) of numbers from 
1 to 100, and from 1*01 to 10-00 at intervals of -01, respectmd3\ 

T. XIV. & XVI. contain log^ 10, 10" ... 10^”, to 7 places, and logg 2, 

3 . . . 10, and 77:, to 25 places, 

' log^ 10’ ^ 

T. XVII. 'fables of numbers of the form 2\ 3\ 5^. 7’ arranged in order 
up to 11,200. 

T. XXIII. Circular measure of r, 2°. . .100°, 120°, 150°, 180°. . .360°, 
of 1', 2' . . .10', 20'. . .()0', and of 1", 2" . . .10", 20". . .60", to 27 places. 

T. XXIV. (p=zl0000"m ; 0, 9". . .0^® expressed in terms of m (in circular 
measure), to 1 6 places, and sin cos ^ expressed in terms of m with decimal 

coefficients, to 18 places. Also tt, log tt, V tt, &c. to a good many places. 


T. XXV. Natural sines to every degree and their first 9 multiples, to 5 
places. 

T. XXVI. Sines, tangents, and secants, an I log sines and tangents to 
every degree, to 7 places. 

T. XXIX. Table for facilitating the solution of cubic equations, viz* 
ass +(a;— a?*^) from a?=*001 to 1*155 at intervals of *001, to 7 places. 

1873, I 
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T. XXXII. Fimctiones hyperholicce circularihus anahyce, Q being 
rectangular h 5 "perbola, centre C, P C Q is the so-called angulns transcendeif^ 
= 0 say, 5 ^ C Q the angulus communis == say ; is the hyperbolic sin' 
C p the hyperbolic cosine, and C $ Q the sector ; so that if the hyperbola/^ 
.r=fecc 0 and y=tan 0 . 



The argument is and proceeds from 0^ to 0O° at intervals of 1°; and 
the table gives the sector, g, log ?/, log x, tan i//, log tan \p and aU ex- 
cept the last to 7 places, and the last to one decimal of a second. 

T, XXXY. & XXXYI. Squares and cubes of niimbei« from 1 to liU)d. 

T. XXXYII. Figurato numbers (first series), viz. a’, ' ’ 

+1 X|+2), . . £(^+0- from :f=l to 30. 

T. XL. First II powers of -o'!, -02, -03. . .1-00, to 8 places. ^ 

T. XLIV. Coefficients of the first IG terms in (l + ^^)2 and + their 
accurate values being given as decimals. 

Besides the above, T. XIX. gives sin 3®, 0° . . .89° in radicals, and T. XLII. 
the first G or 9 convergents to ^2, \/3, ^ 5 , , , ^22 as vulgar fractions. 
The other tables contain formulae <fec. 

The work is edited by Felkel, who has prefixed a PreefaUo Interpretis of 
xi pp., giving a description of his (FelkeTs) tables of divisors (fee. ; and there 
is also added at the end an account of his proposed scheme of tables in rela- 
tion to the theory of numbers. About Felkel, see Felkel, 1776, § 3, art. 8. 

The titlcpage states that this is a translation from a German edition.^ The 
original was entitled Zusiitze zu den logarithmischen und trigonometrischen 
Tabellen,” and was published in 1770 ; or, at all events, Do Morgan^s descrip- 
tion of the contents of this latter work, which wo have not seen, agrees, 
as far as it goes, almost entirely with the ‘ Bupplementa ’ &c., which De Morgan 
had heard of, but not seen. The introduction to the latter shows signs of 
having been amplified by Felkel. 

1821. T. XIY. Proportional logarithms, viz. log 10800" — log x 
from .r=0" to ^ 7 = 10800 " (=3°) at intervals of 1" (the arguments being 
expressed in degrees, minutes, and seconds), to five places. On the first page, 
however, which extends to 10', only two, three, or four places are given cor- 
rectly, the number being filled up to five by adding ciphers ; facing 0° 0' 0" 
there is given 4*88 . . instead of — oo . ^ , 

T. XVII. Xatural versed, suversed, coversed, and sucoversed sines, viz. 
l^cos X and 1-f cos x for every minute of the quadrant, to six places, with 
proportional parts for 1", 2". . . 60", so that the tabular results can be takeft 
out very easily to seconds. It may be observed that of the double columhi 
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headed ' and "the first refers to the argument and the second to the propor- 
tional parts. This table occupies pp. 57~80 of the book. 

T. XYIII. Six-figure logarithms to 15,500, with proportional parts at 
the foot of the page to twentieths for the portion beyond 1000. The table is 
so arranged that all the logarithms are given at full length, though this is 
not the case with the numbers ; for example, to find the logarithm of 15184 
we seek 1 51 50 at the head of the column, and line 34 in the column : this 
defect might have been partially remedied by the introduction of another 
column at the right-hand side of the page containing the numbers 50, 
51 . . . 99, The other tables, 22 in number, are nautical. 

Liynn, 1827. T. Z. (pp. 244-283). A sexagesimal proportional table, 
exhibiting at sight, in minutes, seconds, and tenths of a second, the fourth 
term in any proportion in which the first term is 60 minutes, the second term 
any number of minutes under GO minutes, and the tliird term any number of 
minutes and seconds under 10 minutes. If the second term is not an exact 
number of minutes the table can still be used, though two operations are 

COj 

required. The table may be described as giving in minutes, seconds, &c., 

(c (running down the column) being V, 2' . . . 60', and y (running along the 
top lines) extending to 10' at intervals of 1". 

T. E. (pp. 2(S8, 289). Proportional logarithms for every minute to 24’^, 
viz. log 1440'" —log .r, from a’=l"' to .r=1860'" (=3P') at intervals of unity, 
the arguments being expressed in hours (or degrees) and minutes, to four 
pL'ices ; the other tables are nautical. 

Mackay, 1810 (vol. ii.). T. XLI, Natural versed sines for every tcH 
Seconds to 180°, to six places. 

T. XLY. Six-figure logarithms of numbers to 100, and from 1000 to 
10,000, with differences ; the logarithms written at length. 

T. XLYI. Log sines to every ten seconds of the quadrant, to six places. 

T. XLYII. Log tangents to every ten seconds of the quadrant, to six places. 

T. XLYIII.-L. To find the latitude hy double altitHdea of the mn or stars 
and the elapsed time. The first and second of these tfibles give log cosec sc 
and log (2 sin ^’) from to 59'" 50” at intervals of 10® ; and the 

third gives'Jog versed sines to 7*^ 59‘" 50® at intervals of 10®, all to five places-, 
the logarithms being written at length. These tables were copied, according 
to the author (see note, vol. ii. p. 31), from the second edition (1801) of this 
work without acknowledgment into Noeie’s ‘ Epitome of Navigation.’ 

T. LI. Proportional logarithms to every second to 3°, to four places ; same 
as T. 74 of Haper ; the other tables are nautical. * 

The tiible of natural versed sines was calculated for this work, and ap* 
peared in the first edition (1793) ; it has since, the author states, been fre- 
q[uently copied (see note, vol. ii. p. 13). 

Maseres^ 1795. This is a collection of reprints of tracts, and, among 
others, of “An Appendix to the English Translation of Bhonius’s German 
Treatise of Algebra, made by Mr. Thomas Brancker, M.A., ... At London, ih 

the year 1 668 ” And on pp. 367— 416 is given “ Thomas Brancker’s Table 

of lucomposit or prime Numbers, less than 100,000,” viz. least factors of all 
numbers up to 100,000 not divisible by 2 or 5. On p. 866 is a rather long list 
of errors in the table (we suppose Masercs reprinted verbatim from his copy, 
as some of the errata are corrected and some are not), and also some errors 
in Guldinus, Schooten, and Ilhonius. The table is preceded (pp. 364, 865) 
by Tarriffa, or Table, of all Incomposit or prime numbers less than 
V100|000, multiplied by 2, 3, 4, 5^ 6, 7, 8, 9.” 


i2 
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On pp. 591, 592, T. XIX. of Dodson’s ‘Calculator,’ 1747 (viz. square and 
cube roots of numbers less than 180, to 6 places), is reprinted; and on pp. 
595-604 are reciprocals (to 9 places) and square roots (to 10 places) of 
numbers from 1 to 1000, reprinted (as Maseres states in the preface) from 
vol. iv. of Hutton’s ‘Miscellanea Mathematics’ (1775, 4 vols. 12mo). 

Maskelyne (llequisitc Tables), 1802. T. XY. Proportional logarithms 
for every second to 3°, to 4 places ; same as T. 74 of Paper. 

T. XYI. For computing the latitude of a ship at sea, &c. The arguments run 
from 0’‘ to at intervals of 10'"; and there are three columns of tabular results 
headed Log | Elap. time. Log Mid. time. Log rising, which give respectively 
log cosec .r, log (2 sin a*), and log vers sin x, to 5 places ; the log rising is 
also continued for arguments from 6’‘ to 9’* at the same intervals. This table, 
modified in form &c., is reproduced in Mackaa% Domke, etc. (sec § 3, art. 15, 
p. 68, and Bowditch, 1802), and is sometimes called by Miiskelyne’s name. 

T. XYII. Xatural sines to every minute of the quadrant, to 5 places. 

T. XYIir. Eive-figure logarithms of numbers to 10,000. 

T. XJX. Log sines, secants, and tangents to every minute of the qua- 
drant, to 5 places; the sines arc given to 6 jdaces, the last being separated 
from the rest by a point ; the other tables are nauticfil. 

Maskelyne’s name does not appear on the titlepage to these tables ; but 
the preface is signed by him. 

Appendix to the Third Edition. T. I. Xatural sines to every minute 
of the quadrant, with proportional i)arts for seconds. 

T. II. Natural versed sines for every minute to 120°, with proportional 
parts for seconds. 

T. III. Logarithms of numbers to 1000, arranged consecutively, and 
printed in groups of five; and thence to 100,000 grouped in decades, with 
proportional parts for each decade by its side. All the tables in the Appen- 
dix are to six places. Copies of the Appendix were circulated separately. 

Minsinger, 1845. [T. I.] Seven-figure logarithms to 100 and from 

1000 to 10,000, with proportional parts at the foot of the page ; the sixth 
place is separated by a comma from the seventh, for convenience if the table 
is to be used to six places. The change in the line is denoted by an asterisk 
attached to all the logarithms affected. 

[T. II.] Squares, cubes, and square and cube roots (to G places) of all 
numbers from 1 to 100, and squares and cubes only of numbers from 100 to 
1000. Then follow’ a few constants and [T. lY.] primes to 1000. 

Moore^ Sir Jonas^ 1G81. [T. I.] Seven-figure logarithms to 10,000 

(arranged as is now usual), with differences : the proj)ortional parts [T. II.J 
are given by themselves at the end, and occupy 22 pp. This may be regarded 
as a separate table, containing proportional parts (to tenths) of numbers 
from 44 to 4320 — the interval being 2 to 900, 3 to 999, 4 to 1415, 5 to 2000, 
and 10 to 4320. 

[T. III.] Natural and log sines, tangents, and secants to every minute of 
the quadrant, to 7 places (semiquadrantally arranged), without differences. 
It may be remarked that many of the N’s at the top of the columns are 
imperfectly printed, and appear like Y’s ; thus N. tangent is often printed 
Y. tangent, 

[T. lY.] (pp. 262-351). Natural and log versed sines from 0° to 90*^ to 
every minute, to 7 places. De Morgan says that this is the first appearance of 
this table in England. The other tables relate to navigation, geography, 

[Moore^ Sir Jonas^ 1681] (Yersed sines). Natural and log versed sines 
to every minute of the quadrant, to 7 places, semiquadrantally arranged. 
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The copy of this tract before ns (M’hicli is hound up in a volume ^vith 
several others, and belonj^*s to the Cambridg'o University Library) is clearly 
either a separate reprint or merely a table torn out from some larger 
work. The paging runs from 262 to 351 : at the beginning there is a plate, 
the size of the page, of a person observing with a sextant, and the words 
“ between page 248 and 249 ” below in the left hand-corner, and at the end 
a diagram with a movable circle and pointer, headed ‘‘ The fore part of the 
Nocturnall or side held next the face in time of observation,’’ and between 
page 254 and 255 ” below. On examination we find the table is [T. IV.] of 
8ir Jonas Moore's ‘ Systeme of the Mathematieks,’ 1681, just described. 
The engravings do not, however, appear to be taken from either volume 
of this work. It is very likely that this table was merely torn out 
from the work, and was never published 6e])arately ; still as, according to 
Do Morgan, this is the first appearance of such a table in England, it is not 
improbable that copies may have been in request, and therefore issued 
separate^. 

J. H. Moore, 1814. T. III. Log sines, tangents, and secants to every 
quarter-point, to 5 places. 

T. IV. Eive-figure logarithms of numbers to 10,000. 

T. V. Log sines, tangents, and secants for every minute of the quadrant, to 
5 places. 

T. XXIII. Log I elapsed time, mid. time, and rising (for explanation of 
these terms see T. XVI. of Maskelyne, § 4) for every 10'’ to 6^, except 
the last, which is to to 5 places. The tables are separated as in Mackay, 

T. XXIV, Natural sines for every minute of the quadrant, to 5 places. 

T. XXV. Proportional logarithms for every secoiid to 3 °, to 4 places ; same 
as T. 74 of IIaper. 

We have seen the 18th edition (1810), which is identical with that above 
described, an edition of 1703, and the 9th edition (1791) (the last two not 
edited by Dessiou). All contain the tables described in this account (though 
the order is different), except that the tables in T. XXllI. are not separated; 
the log rising is only given to 6^', and the intervals also 30®, in the two 
earlier editions. 

Three out of the four editions contain different portraits of the author. 

Muller, 1844. [T. I.] Eive-figure logarithms of numbers from lOQO to 

1500, and four-figure logarithms from 100 to 1000. 

[T. II. I Table of Gaussian logarithms in a somewhat modified form, 
viz. S and U to 4 places, from A =*0000 to *0300 at intervals of ’0001, 
thence to *230 at intervals of -001, and from -20 to 2*00 at intervals of *01, 
and thence to 4*0 at intervals of *1, with differences ; where 

A = log .r, 8 = log ^ 1 + 1^, and U = log ^ 

a? 

[T. III.] Squares of numbers from 0 to 1 at intervals of *0001 , to 4 places, 
and quarter squares of numbers from 0 to 2 at the same intervals, also to 4 
places (intended for use in the method of least squares). 

[T. IV.] Four-place log sines and tangents for every second to 10', thence at 
intervals of 10" to 1°, thence at intervals of 1' to 4°, and to 90° at intervals 
of 10'. 

There are given also: — the circular measure (to 12 places) of 1°, 2® . .. 
10°, 1' . . . 10' and 1" . . . 10" ; 12 constants involving tt ; natural sines and 
tangents to every half degree ; and a few three-figure logarithms^ 
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Jolm Newtoi^, 1058. [T. I.] Logarithms to 1000, to 8 places, and 

logarithms from 10,000 to 100,000, also to 8 places. A column is added to 
^ach page containing tho logarithms of the differences, to 5 places. 

[T. II.] Log sines and tangents (semiquadrantally arranged) for every 
centesimal minute (viz. nine-thousandth 2 }art of a right angle), to 8 places, 
with differences. 

[T. III.J Log sines and tangents for the first throe degrees of the quadrant, 
to 5 places, the interval being the one thousandth part of a degree. Loga- 
rithms of the differences to 8 jfiaces arc added. 

The trigonometrical tables are thus of the kind introduced by Briggs, and 
are partly centesimal (see § 3, art. 15, p. 64). This is the only extensive 
eight-figure table that has been published ; and it is also remarkable on 
account of the logarithms of the differences, instead of the differences, being 
given. It seems worth consideration whether, in the event of a republication 
pf Ylacq, 1628, it would not be advantageous to replace the differences by 
their logarithms. It is usually most convenient, if many logarithms are to 
be taken out at one time, to inter^Jolatc for the last five figures in a ten- 
figure table by means of an ordinary seven-figure table ; but in other cases 
recourse is generally had to simjffe division, and the natural differences arc 
best. The table would occupy too much space if both tho differences and 
their logarithms were added ; and there is not much chance of two publi- 
cations ever being made, one with natural, and the other with logarithmic, 
differences. If the choice had to bo made, the decision would probably be in 
favour of tho simple differences as they are, though a good deal might be 
urged on the other side. 

A few errata are given at the end of the address to the reader, and a great 
many more on the last page ; the tables, however, reproduce nearly all 
Ylacq’s errors, which affect the first 8 places (see ‘ Monthly 11011008 of tho 
Boy. Ast. Soc.’ March 1873). This was the first table in which the arrange- 
ment, now universal in seven-figure tables (viz. with the fifth figures run- 
ning horizontally along the top lino of the page), was used. The change of 
the third figure in the line is not noted. 

The title of this work being the ^ Trigonometria Britannica ’ (printed 
* Britanica ’ on the titlepage), it is often confounded with Briggs’s work of 
this name, Gouda, 1633 (§3, art. 15), from which it is derived. Also, as 
Gellibrand’s name appears on the titlepage it is sometimes attributed to 
him in catalogues. 

In the Cambridge University Library is a copy of this book, in which tho 
titlepage and introduction are absent, the first page being the titlepage to 
the tables, so that tho work is anonymous. Whether some copies of the tables 
alone were published, or whether the copy in question is imperfect, we do not 
know. 

IMorie^ 1836. T. XXIII. Log sines, tangents, and secants to every quar- 
ter-point, to 7 places. 

T. XXIY. Six-figure logarithms of numbers to 3 0,000, with differences. 

T. XX Y. Log sines and tangents to every ten seconds to 2°, and log sines, 
tangents, and secants for every minute of the quadrant, to 6 places, with 
differences. 

T. XXYI. Xatural sines for every minute of tho quadrant, to 6 places. 

T. XXYII.-XXIX. To find the latitude hy double altitudes and the 
elapsed time. Log ^ elap. tii^e, middle time, and rising (for explanation of 
these terms see T. XYL of Maskeltrb, § 4) are given at intervals of 5“, 
tte two foi’mor to &\ and tho last to to 6 places, with proportional 
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parts. The three tables are separated, as is now usual (see Mackay, S 4, 
T. XLVIII.). 

T. XXXI. Logarithms for finding the ajypareat time or horary angle, 
vk. log i ^ = 2 log sin from .r == 0’^ to cV = at intervals of 

5*5 to 5 places, with proportional parts for seconds. 

T. XXXIV. Proportional logarithms for every second to 3° ; same as 
T. 74 of llArEii. 

T. XXXVI. Xatural versed sines to every minute of the quadrant, with 
proportional parts for every second of tho minuto-iiiteiwal, to (> ])laces. 

The other tables are nautical. Those tables also a 2 )pcar in Xoiiin’s ^ Epi- 
tome of Xavigation.’ 

Norie (Epitome), 1844. The tables are the same as in Xojite’s Xautical 
Tables just described; they are added after the explanatory portion, which 
occupies 328 pp. 

On tho different editions, see Xoiue’s Epitome in § 5. 

^NTorwood, 1031, Bevcn-fignn^ logarithms to 10,000, and log sines and 
tangents to every minute, to 7 places, semiquadran tally arranged : of tho 
latter we have seen separate copies under the title, A triangular canon 
logarithmicall ” (the title it has also in the work). Tho editions wo have 
seen arc: — first, 1031; second, 1041 ; third, lOoO; seventh, 1078. 

This was one of the first small tables in which tlio trigonometrical canon 
was derived from Vlacq, 1028, and not Gitnteu, 1020. 

Oppolzer^ 1800. Eour-tlguro logarithms, with proportional parts to 
1000. A page of Gaussian logarithms, after Ejlipowski, and a page of pro- 
portional parts. Log sines, cosines, tangents, cotangents to lO'*’ at intervals 
of 1', with differences, and from lO^ to 45° at intervals of 10', wdth differ- 
ences and proportional parts, all to 4 places. 

Oughtred, 1057. [ T. 1. 1 Sines, tangents, and secants (to 7 places) and 

log sines and tangents (toO places) for every centesimal minute (= 
right angle) of the quadrant. Sines, tangents, and secants on the left-hand 
page of tho opening, and cosines, cotangents, and cosecants, &c. (though not 
80 called or denoted) on the right-hand page. 

[T. II.] Seven-figure logarithms of numbers from 1 to 10,000, followed 
b}’- a ‘ Tabula differentiarum ’ for tho sines and tangents. 

In an appendix at the end of the book it is cx])lained that the logarithmic 
sines and tangents were intended b}’ the author to consist of seven figures 
after the index, but that the seventh figure was unhappily left out.’’ This 
is also referred to in tho dedication. 

Ozanam, 1085. Xatural sines, tangents, and secants, and log sines and 
tangents, and logarithms of numbers to 10,000, all to 7 places. There are 
1 20 pp. of trigonometry &c. De Morgan xmints out that the tables are really 
Vlacq’s, though his name is not mentioned, and takes occasion very truly to 
remark how many authors have considered that the merit of their books con- 
sisted in the trigonometry, and that the tables (which usually form by far tlie 
greater part of the work) were accessories of which no notice need be taken. 

Parkhurst, 1871. This little book contains forty-two tables, with tlio 
last two of which this lleport is not concerned. In describing briefly their 
contents, it will be convenient to mention first the tables ^vhich contain 
results most common in other works, such as logarithms &c., viz.;-— 

T. II., III., and IX. Logarithms from 1 to 109, to 102 places. 

T. V. Multiples of the modulus *43429 . . . from 10 to 96, to 35 places. 

T. XII, Logarithms of numbers from 1000 to ,2199 at intervals of unity, 
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from 2200 to 2098 at intervals of 2, from 3000 to 4995 at intervals of 5 ; 
all to 10 places (from Ylaco). 

T. XIII. Logarithms of numbers from 200 to 1199, to 20 places (from 
Callet). 

T. XIV. (continuation of T. XIII.). Logarithms of numbers from 1200 
to 1399 at intervals of unity, from 1409 to 2998 at intervals of 2, from 
3005 to 4995 at intervals of 10 ; all to 20 places. 

T. XYIII. Logarithms of primes from 113 to 1129, to 01 places (from 
Callet) . 

T. XX., XXI., XXIT. A table of least divisors of numbers to 10,190, 
and, for certain divisors, to 100,000. Multiples of 2, 3, 5, 7, and 11 are 
excluded ; it is very inconveniently arranged, and is moreover imperfect. 

T. XXIII. Primes to 12,239. 

T. XXY. Pcciprocals from 300 to 3299, to 7 places, arranged like an ordi- 
nary table of seven-figure logarithms. 

T. XX YI. Products of the numbers from 200 to 399 by the digits 1,2. . . 9, 
and squares from 200* to 399^ 

T. XXYII., XXYIII. A few logarithms and antilogarithms, to 3 jdaccs, 
and a similar small table to 4 places. 

T. XXX., XXXI. Xatural and log sines and tangents Ac., to 4 places. 

T. XXXII. Pinomial-theorcm coefheients (the first six for indices from 
unity to 40), and s(|nares from 1- to 200*. 

T. XXXITI., XXXIY. 31iiUiplication table from 10 x 13 to 99 x 98, 
and mill tijdicaf ion table of sijuarcs from 10* x 13 to 99* x 98. 

T. XXX Y., XXX VIJ., XXXYIII. Antilogarithms, logarithms to 8 places, 
and log sines. 

The other tables are : — 

T. lY. Logarithms of factors, 102 decimals. T. YI. Secondary multi- 
ples. T. YIl. Pactors to 3 decimals. T. VI IT. Logarithms of factors, 31 
decimals. T. X. Factors to 01 decimals. T. XI. Log F, for logarithms to 
10 decimals. T. XY., XYI., XYII. Logarithms to 20 decimals of factors. 
T. XIX. Constants derived from the modulus. T. XX I Y. Log f), for addition 
and subtraction. T. XXIX. Subtraction logarithms. T. XXXVI. Factors. 
T, XXXIX., XL. Interpolations, Pessels coefficients. 

Most of these tables arc tabulated for their use in the calculation of 


logarithms by well-known methods. The arrangement of the work is most 
confused ; and it would be very difficult to understand from the author s 
description the objects of his tables. The paging of tlio book runs from 1 
to 17t); and this portion includes all the tables. Then Part 2 commences, 
and the pages arc numbered afresh from I to 38. In Part 3 the pages pro- 
ceed from 1 to 27. Parts 2 and 3 arc occupied with a description of the 
tables ; and the reader who wishes to understand the meaning of the nota- 
tion (which is often needlessly complex and confusing, to save the space of 
a few hgui'es), Ac., is recommended to begin at Part 3, p. 5. It would take too 
much room, even if it were worth while, to explain the tables in detail ; but it 
may be stated that the tables (for the construction of logarithms of factors) give 

the values of log / 1 4- land log / 1 — I for different values of m and n 

\ 107 ^ ^ \ 107 

to a great many places, as required in Weddle’s and similar methods. 

It will save the reader some trouble to mention that by j m in the 

book is meant log/l and by — log Generally 
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the m is loft out, where it is thought the context x)revents risk of mistake ; 
and instead of — there is sometimes written and the heading 

cologarithm Thejast page of the book, headed (wrongly) Table XXXIII., 
contains a very imperfect list of the abbreviations used. 

It is to be inferred from the Preface &c., that the book was set up and 
Icctrotypcd by the author himself, who states that it is probable that there 
not now a single error in the whole table.” The reward of a copy of the book 
|so offered to the first finder of any important error under certain coiidi- 
Parts of the book, in the copy before us, are very badly printed, so 
fact that one or two pages are wholly illegible ; and the tables are so 
othci/^b^^ we should think no one would use them wdio could procure any 
have bf could be made to do as well. In fact the author’s object seems to 
smallcstc crowd the greatest possible amount of tabular matter into the 
in the cotP> without any regard to elcarjiess. It is stated in the work that 
ille<nblc) fhc printing, incomplete copies (some containing proofs almost 
cover states istribiited to the author’s friends ; and an advertisement on the 
at different pr;opies containing proofs rejected in the printing may bo had 
The book is priccording to their completeness and the order of the tables, 
most confused, bnhonctically ; and this adds to the awkwardness of the 
with in the prepaHrinted, and ill-explained series of tables we have met 
and manner he has of this lleport. Py issuing his tables in the form 
several are the resuied, the author has not done justice to himself, as 
elsewhere. original calculation and arc not to be met with 


Pasquich, 1^17. 

consecutively in colunins)^ Pivc-figurc logarithms to 10,000 (arranged 
T. II. Log bines, cosine&out differences, 
tervals of lo", thence to 1° aents, and cotangents, from 0' to 5G' at in- 


of V, with difiercnces for 1 . rvals of 20' , and thence to 45° at intervals 
and cotangents from to 45° squares of natural sijics, cosines, tangents, 
Bays, “ This trigonometrical caimrvals of 1', all to 5 places. I)e Morgan 
T. III. Gaussian logarithms, squares is, we suppose, almost unique.” 
places, with differences, for C (same notation as in Gauss), to 5 
intervals of *001, from A = 2*01 [q ^ A, from A = *000 to A=2*000 at 
A = 3-4 to A = 5 at intervals of *1 p]J;4() at intervals of *01, and from 
given by Gauss, IS] 2 (§ 3, art. It hie is Gie same as that originally 
A few constants Ac. are added im ^ 

A IcnsUiy review of this work 

eclelirtc Auzeigou ’ for Oct. 4, Ibl j, . Cleared ia the ‘ Gdttiugische 
t iii of his ‘ Werke.’ ‘printed on pp. i;4G-2oO of 

■ Pearson, 1824. Vol. I. contains . 

only three pages come within the range & 1^ pages of tables; but 

a one-page table to convert space into '.-[T. I.], p. 109, 

which expresses 1°, 2°, 3°. ■ . .360 , and , ?• 261, 

cumfcrcnco of the circle to 4 and 5 places decimals of the cir- 

which gives the circular measure of 1°, 2 ..oao P- 262, 

1", 2" ... . 60", to 8 places. _ ’ -1,2.... 60' and of 

The other tables arc nautical, astronomiea. 

Peters, 1871. [T. 1.] pp. 16, 17. Hum. 
sandlhs, hundred-thousandths and millionths'®' y*oub„(iths, ten-thou- 
and seconds. ^ expri^ed in minute? 

PT 11.1 pp. 18, 19. For the conversion of an 

' ’ time, anuWee rmd. 
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[T. III.] pp. 20, 21. Lengths of circular arcs, viz. 1°, 2°, 3°. . , .90®, 
thcDco to 115° at intervals of 5°, and to 3G()° at intervals of 1 0°, 1', 2' . . . . GO', 
and i", 2". . . expressed in circular measure, to 7 places. 

[T. ly,]. Inicrpolatiori tables. Table I. (p. 103) gives 


.r=l-00 at 

/o 


£i:lLrJX'r-J) and ^ J X:*:-") from a-=-00 to 

(> 4H 

intervals of *01 — the first fund ion to 5 places (with differences), and tl- 
second and third to 4 jdafc's (witlumt differences). It will be noticed tliat 
writing 1 — a; for .e, the lirst and third functions are unaltered, whi’e 
a change of sign is produced in the second. It is thus sufficient to 
them only from 0 to *50, and to write the argnmonts down the column fr"^^ ' 
to *50, and upwards from *5(1 to i*(K), attending to titc sign of the sec j li*" 
tion ; and this is uecordingly the arrangement in the table. TH])le 'fl^* ^ ^ 

— 1) ~ J) aye” — 1 )(.e” ^ from 


105) 


210 .. , 
anil f to 

cants till 


.ghout 


contains ^ and ~ 

12 2-1 

a? = 0*00 to .r = 1*00 at inttu'vals of *01, the first to 0 
places. The first two have difierenees added. 

[T. y.’] (pp. 10G-) 50). Natural sines, tangents, and "'^ices. 
the quadrant to every minute, to 5 plae.es, without di^‘ 4) .rrang; 

I’T. yi. I (pp. J 5 1-1 GO). Table of squares to 
table of logaritlims, the last figures of the s(juarcs 4 -o'’- t>e t , 1,4, o, 
6 or 9) being printed once for all at the bottom of 

The other talih's are oitlier astronomical or meti^oi*^'* ^ PP* 

“ R^^hie, 180(1. T. I. 8.|uares, cuLcs, (to 9 places) and five 

figure logarithms of nuiuhers from 100 to 1 00 i x #. 
T. 1 A. Square and cube roots (to 7 places)^ reciprocals (to 9 places) of 

primes from 2 to 07. . , .... 

T. 2. Squares and fifth powers of ^ 

T. 2 A. Prime factors of numbori'^ers 
T. 3. Hyperbolic logarithms of and 
T, 3 A. Ten multiples of the m^^ii of < 

T. 4. Multipliers for the coinj 
few multiples of tt and its recii ' ’ 

T. 5. Circumferences and C® v-- - ...... ^ 

(to the nearest integer), frr . 

T. 6. Arc.s, sines, and , “i 

Raper, 1840. T. 


jlOO, to 5 places. 

^(s reciprocal. 

yj^'ciilar Jcngths and areas, viz. 
./ roots, &c. 


rrd^ 


cles, viz. Tvd (to 2 jilaccs), and 

r? = llK)0. 

^ every degree, to 5 places. 

^ ogarithms of luimbors from 1 to 100 and 
fromlT)oVto''fo* 00 (t *'^vth proporlK p^^ts at the foot of the iiago. 

T. IT. Loo* su)c6 for (fcry sccom j from 0° to 1° 30', to five places. 
t! hi. Log sines feij every te^ ^ seconds from P 30' to 4° 31', to 6 plaee.s, 

with proportional parts , . 

T. IV. Log sines, ^id secants for every half minute of the qua- 
drant, to fi places, w^’^i ^^’onal parts. 

T. y. A page of 

Raper, 1857. 21 a. / joc/aritjuns for reducing dallg mriationBfXizAog 

1440’“ — iog ^ I*" to •*'’ == 1440‘" (= 24^*) at intervals of a 

minute, to 4 plj^<^®» the arg uraents being expressed in hours and minutes. 

T. 64. Six-/ig'^r^ logarit hnjs of numbers to 100, and from 1000 to 10,000, 
arranged as P usual in soj ^ren-figure tables, except that the logarithms are 
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printed at full length ; the proportional parts are given at the foot of the 
page. 

T. 65. Log sines, tangents, and secants to every quarter point, to six 
places. 

T. 66. Log sines of small arcs, viz. for each second to 1° 30', thence (T. 
67) for every ten seconds to 4^ 31 to 6 places, the logarithms being printed 
at length ; T. 67 has proportional parts. 

T. 68. Log sines, tangents, and secants (printed at full length) for every 
half minute of the quadrant, to 6 places, with differences and proportional 
parts for 1", 2". . . .30" (= half a minute) beyond 3“^, scmiquadrantally 
arranged ; arguments also expressed in time. 

T. 69. Log sin^ g from cj = 0 to a* = 180® at intervals of 15" (arguments 

expressed also in time), to 6 places ; all the logarithms printed at full length : 
no differences. 

T. 74. rropoi’tioiial logarithms, viz. log 1080t)" — log .r from .v = 1 to 
.r = 10800" ( = 3° or 3’‘) to every second, the arguments being expressed in 
degrees (or hours), minutes, and seconds, to 4 places ; the other tables are 
nautical &c. 

Re3rnaud5 1818. The trigonometry occupies 182 pages; and after the 
diagrams arc inserted Lilande’s logarithms, Avhich are quite disconnected 
from tlic v'ork. 

F [T. I.] Pive-hgurc logarithms to 10,000, arranged in columns, with cha- 
racteristics and dilfcrences ; the number of degrees, minutes, &c. for the first 
number in each column (viz. for every thirtieth number) is given at the top. 

FT. II. I Log sines and tangents for every minute of the quadrant, to 

5 places, with differences. 

Riddle^ 1824. T. IV. Log sines, tangents, and secants to every point 
and quarter point of the compass, to 6 places, 

T. Y. Six-figure logarithms of numbers to 100, and from 1000 to 10,000, 
with differences, arranged as usual. 

T. VI. Log sines, tangents, and secants to every minute of the quadrant, to 

6 places, with differences, scmiquadrantally arranged. [The heading of this 
table in the hook is inaccurate.] 

T. XXYIII. Natural versed and suversed sines, viz. 1— cos a* and 1 -f cos a?, 
for every minute of the quadrant, to 6 places, with proportional parts for 
1", 2" . . . 60", so that the tabular results can be taken out very easily to 
seconds. The extreme left- and right-hand columns serve both for minutes 
in the arguments and for multi]des in the proportional parts. The first 
figure of the versed sine and the first two of the suversed sine are generally 
omitted throughout. 

T. XXIX. rroporlional logaiithms, viz. log 10800" — log .r from a? = 0 
to ,v == 10800" (= 3° or 3’’), the arguments expressed in degrees or liours^ 
minutes, and seconds at intexn als of 1", to 4 places. 

The book contains 34 tables, the rest of which are nautical. The navi- 
gation &c. occupies 290 pages. 

Rios^ 1809. The first edition was published in 1806; and this is the 
second. The tables are identical with those in the Spanish reprint of 1850 
described below, so that the description of the latter will suffice. The 
numbers both of the tables and the pages are the same in both ; and the only 
difference is that the headings of the tables &c. in the 1809 edition are in 
English. A list of errors in this edition is given in the reprint of 1850, 

Although tho title of the Spanish reprint is given in the list in § 5, we have 
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thought it would be more convenient to give the work the date of 1809, as 
this more properly represents the time of appearance than does 1850. 

T. XIV. Proportional logarithms for every second to 3'', to 5 places. 
This table only differs from T. 74 of IUpeii in there being 5 instead ot 
4 places given. 

T. XY. Five-figure logarithms of numbers from 1 0 to 1 0,200, with the 
corresponding degrees, minutes, and seconds. 

T. XYI. (pp. 382-472). Log sines, cosines, secants, cosecants, versed, co- 
versed, siiversed, and sucoversed from 0° to 45° at intervals of 15" (with 
arguments also in time), to 5 places. The term versed (vet'sos) is used 
for semiversed sine for brevity, and so for the others ; the table thus gives 
log I (1 i cos.r) and log | (1 + sin .r). The log sines, cosines, &c. arc on 
the left-hand pages, and the log versed &:c. on the right-liand pages. The 
table, altered in arrangement so as to make it quadrantal, is reproduecd in 
Htansbury, 1822. There arc also given some small tables to convert arc 
into time, and vice versa, on p. 472. 

These tables arc all included under the heading ‘ Tablas logaritmicas y 
tablas j)ara convertir partes de circulo en ticm])o y viceversa.’ 

A list of errata in the London edition of 1809 is given at the beginning 
of the edition of 1850. 

Roe. T. I. Seven -figure logarithms of numbers from 1 to 100,000, 
with characteristics nnseparated from tlic mantissm. Ail the figures of the 
number are given at tlie heads of the columns, except the last two, which 
run down the extreme columns ; 1 ... 50 on the left hand, and 50 ... 100 on 
the light-hand side. The first four figures (counting the cliaracteristics) are 
printed at the top of the columns. There is thus an advance halfway to- 
wards the modern arrangement, and the final step was made by John Xewton 
(1658). This is the first complete seven-figure table that was published. It 
is formed from Ylaco by leaving out the last three figures, xvithout increasing 
the seventh when they arc greater than 500. 

T. II. Logarithmic sines and tangents for every hundredth part of a 
degree (viz. part) of the quadrant, semiquadrantally arranged, to 

10 places, with characteristics, which, however, are separated by a comma. 

The work is very rare : the copy wc have seen belongs to the Iloyal Society. 

Riimker, 18i4. T. I. Six-figure logarithms of numbers from 1000 to 
10,000, arranged consecutively in columns and divided into decades, with the 
proportional parts for each decade by the side of it. 

T. II. Log sines and tangents for cverj' ten seconds to 2°, and log sines, 
tangents, and secants for every minute from 0° to d5°, with differences, to 
6 places ; the logarithms written at length. 

T. III. Xatural versed sines to every minute to 180°, with proportional 
parts for the seconds, to (J places. 

T. lY. Logaritlimen-Steujezeit,\vi, log versed sines for every minute to 12’*, 
to 6 places, with diflPercnces for one second (corresponding to O’' 0”‘: the 
table gives 0 instead of — oc). 

T. XXIY. Proportional logarithms for every second to 3°, to 4 places ; 
same as T. 74 of Kaper. 

In all cases the logarithms are written at length. The other tables are 
nautical. 

^Salomon^ 1827. This work wo have not seen ; but as Hogg has given 
a description of several of the tables, and wc sec no likelihood of meeting 
with the book, we here give his account. There are 13 tables, of which 
the most noteworthy are the following : — 
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T. I, Squares, cubes, square and cube roots (to bow many places is not 
stated) of all numbers from 1 to 10,000 conveniently arranged. 

T. II. Factors (except 2, 3, 5, and 11) of numbers from 1 to 102,011. 

T. VII. Six-figure logarithms of numbers to 10,800 (the last 800 to 
7 places). 

T. YlII. Briggian and hyperbolic logarithms of all numbers from 1 to 
1000, and of primes from 1009 to 10,333, to 10 places. 

T. IX. Logarithmic canon for every second of the first two degrees, and 
then for every ten seconds of the rest of the quadrant (to 6 or 7 places, we 
suppose). 

T. XII. Natural sines and tangents for every minute, with differences. Hogg 
adds that the printing and paper arc good for Germany, but that he has made no 
comparison to determine the correctness of the table ; the two pages of errata, 
however, show (he remarks) that there Avas not so much care taken as with 
Sherwik, Gardiner, Callet, Hutton, Taylor, or Vega. Hogg’s account is to 
be found on pp. 254 and 399 of his ‘ Bibliotheca.’ Bee also Gernerth’s tract. 

^Schlbmilch [1865?J. Five-figure logarithms to 10,909 ; table for the 
conversion of Briggian into hyperbolic logaritlims; logarithms of constants ; 
circular measure of degrees, minutes, and seconds ; natural functions for every 
ten minutes of the quadrant ; log functions for every minute ; reciprocals, 
square and cube roots, and hyperbolic logarithms of numbers to 1 00 ; elliptic 
quadrants ; physical and chemical constants. 

The above description is taken from an advertisement. 

Schmidtj| 1821, [T. I.J Five-figure logarithms to 100, and from 1000 

to 10,000, with proportional parts. 

[T. II. 1 Log sines and tangents for every minute of the quadrant (semi- 
quadrantally arranged), to 5 places, with differences. 

[T. IIl.J Natural sines (to 5 places) and tangents (to 5 places when less 
than unity, above that to 0 figures) for every minute of the quadrant. 

[T. IV.J Circular arcs, viz. circular measure of 1°, 2^^ . . . 90°, 120° . . . 
300°, 360°, of H, 2' . . . 60', and of 1", 2" . . . 60", to 12 places. 

[T. V.] Squares and cubes of all numbers from unity to 1000, with two 
subsidiary tables to extend the table to 10,000 ; the latter are of double 
entry, and contain : — (i) (2 « -f o) c for r= 1, 2 . . . 9 and r/=:lO, 11 ... 99, 
and & c and 2 & r for the same values of c and for i = 1, 2 ... 9 ; and (ii) 
(3 -f 3 « c -p c‘-) c for c = 1, 2 ... 9, and « = 10, 11 . . . 99. 

There are a few other small tables for the solution of triangles, refrac- 
tions, &c. 

Schrbn^ 1860. T. I. Seven-figure logarithms to 1000, and from 10,000 
to 108,000 (the last 8000 being to 8 places), with projiortional 2)arts to one 
place of decimals, so that they are in fact multiples. The change in the line 
is denoted by an asterisk prefixed to the fourth figure of all the logarithms 
affected. The degrees, minutes, &c. corresponding to every number (regarded 
as that number of seconds) in the left-hand column, and also corresponding 
to these numbers divided by 10, arc given. At the bottom of the page also 8 
and T (and also the log sine and tangent) are added for every 10" (§ 3, 
art. 13, p, 54). "When the last figure has been increased there a bar 
subscript, which, being more obtrusive, is not so good as Babiiage’s point. 
The table is followed by the first 100 miiltijiles of the modulus and its reci- 
procal, to 10 places. 

T. II. Log sines and tangents for every ten seconds of the quadrant, to 
7 places, with very complete proportional-jiart tables (or more projierly mul- 
tiples of the differences). The increase of the last figure is noted as in T. !• 

T. III. Interpolation table, viz. the first 100 multiples of all numbers 
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from 40 to 410. The table occupies 75 pages ; and on each double page are 
given the proportional parts to hundredths of 1, 2, 3, 4, and 5 (viz. the first 
100 multiples divided by 100 and contracted to one decimal place). The 
last page of the book is devoted to a table for the calculation of logarithms, 
and contains common and hyperbolic logarithms of n, l*0n, I’OOn, &c., n 

being any single digit (or in other words, of 1 + from .r s= 1 to ^ s= 9 

and = 1 to == 10), to 16 places. The figures arc beautifully clear, and 
the paper very good. The tables are of their kind very complete indeed. 

We have seen errata in this work advertised in different numbers of 
Grunert's ^ Archiv dor Mathematik und Physik.’ See Schron, 1865, below. 

Schron (London edition), 1865. De Morgan remarked that in England, 
though there existed minute- and second-tables of trigonometrical functions, 
there was no good ten-second table ; and on learning from the publishers 
that an English edition of Sen mix was contemplated, he offered to write a 
short preface, as, accuracy being taken for granted, these appeared to him to 
be the most powerful and best ten-second tables he had seen : his offer, how- 
ever, was accompanied by the condition that a careful examination should be 
made by Mr. Earlej^ sufficient to judge of the accuracy of the work, and that 
the result should be satisfactory. Mr. Earley accordingly examined 24 pages 
selected at hazard, wholly by differences and partly by comparison with 
Callet ; and the pages were found to be totally free from error ; so that the 
general accuracy of the tables was assured. They are printed from the 
same plates as in the German edition described above ; and the tabular matter 
in the two seems identical in all respects. 

Schulze^ 1778. [T. T.J Seven-figure logaritlims to 1000, and from 

10,000 to 101,000, with differences and proportional parts. The proportional 
paiTs at the beginning of the table, which arc very numerous, arc printed on 
a folding sheet. 

A page at the end of this table contains the first nine multiples of the 
modulus and its reciprocal, to 48 places ; also e to 27 places, and its square, 
cube. . . .to its 25th power, also its 30th and 60th powers, the number of 
decimals decreasing as the integral portion increases. Log tt (hyperbolic and 
Lriggian) is also given. 

[T. II.] Wolfram’s hyperbolic logarithms of numbers to 48 places. The 
numbers run from unity to 2200 at intervals of unity, and thence to 10,009, 
only not for all numbers ; “ von 2200 bis 1 0,000 ist sic hingogen nur fiir die 
Prim- und etwas stark componirte Zahlen bereclinet, weil das Uebrige durch 
leichtes Addiren kaiin gefunden werden ” (Preface). De Morgan says ‘‘for 
all numbers not divisible by a single digit;*’ but this is incorrect, as 2219, 
2225, &c. are divisible by single digits, while 9809 (least factor 1 7), 9847 
(least factor 47) do not occur. In fact, at first a great many composite 
numbers are tabulated, and near the end very few, if any. All the primes, 
however, seem to be given ; and by the aid of Wolfram’s tables we may 
regard all hyperbolic logarithms of numbers below 10,000 as known. Space 
is left for six logarithms, whicli Wolfram had been prevented from computing 
by a serious illness. These were supplied in the ‘ Perliner Jahrbuch,’ 3 783, 
p, 191. Mr, Gray points out an error in Wolfram’s table; viz. in log 1409, 
.... 1666. * . . should be ... . 1696. . . . (^ Tables for the formation &c.,’ 3865, 
p. 38). 

On Wolfram, see § 3, art. 16. 

[T. III.] Log sines and tangents for every second from 0° to 2^, to setefi 
places: the sines are on the left-hand pages, the tangents on the right-hand; 
no differences* 
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[T. IV.] Logistic logarithms to every second to one degree, to four places* 
The pages in [T. III.] and [T. lY.] are not numbered. 

[T. V.] is the first table in the second volume. It contains : — natural sines, 
tangents, and secants to seven places, with differences ; log sines and tangents 
to seven places, with differences (from 0° to 4° the simple difference, and from 
4° to 45° one sixth part of the difference, is given) ; and Napierian (see § 8, 
art. 17) log sines and tangents to eight places, without differences ; all for 
every ten seconds for the first four degrees, and thence for every minute to 45°. 
The Napierian logarithms (see first page of Preface to the second volume) are 
taken from the ‘ Canon Mirificus’ of Napier, augmented by TJrsinus. The 
arrangement of the tabic is not very convenient, but perhaps the best 
possible. 

[T. YI.] (pp. 262, 263). First nine multiples of the sines of 1°, 2°, 3° 
.... 90°. One or two constants are given on p. 264. 

[T. YII.J Circular measure of all angles from 1° to 360° at intervals of 
1°. This is followed by similar tables for minutes from 1' to GO' at intervals 
of 1', and for seconds from 1" to GO" at intervals of 1 ", rdl to 27 jdaces. 

[T. YIII.J Powers, as far as the eleventh, of decimal fractions from *0 to 
1*00 at intervals of *01, to eight places. 

fT. IX.] Squares of numbers to 1000. 

[T. X.] Cubes of numbers to iOOO. 

[T. XI.] Square roots of numbers to 1 000, to seven places. 

[T. XII.] Cube roots of numbers to 1000, to seven places. 

[T. XIII.] Tlic first six binoraial-thcorem coefficients, viz. .r, ■ • • • 

for .r = *01 to = 1*00, at intervals of *01, to seven 

places. 

The other tables connect the height and velocity of falling bodies, and 
contain specific gravities &c. A table on the last page is for the conversion 
of minutes and seconds of arc into decimals of an hour. 

A table headed llationale Trigonometric occupies pp. 30H-311, and is very 
interesting. It gives right-angled triangles whose sides are rational and 
such that tan (w being one of the acute angles of the triangle) is 
greater than 8uch triangles (ihough not so called here) are often known 
as Pythagorean. Those with sides 3, 4, and 5; and 5, 12, and 13 are the 
best-known cases; and 8, 15, and 17, 9, 40, and 41, 20, 21, and 29, &c. are 
among the next in point of simplicity. This table contains 100 such tri- 
angles ; but some occur twice. It gives in fact a table of integer values of 
a, 6, c, satisfying a~-\-h~=^c\ subject to the condition mentioned above J 
tan expressed both as a vulgar fraction and as a decimal, is given, as also 
are w and 90° — w. For a larger table of the same kind, see Sang, ‘Edinburgh 
Transactions,^ t. xxiii. p. 757, 1864. On the whole, this collection of tables 
is very useful and valuable. 

[Schumacher^ 1822?|. T. Y. Five-figure logarithms of numbers for 
every second to 10,800" (3°), arguments expressed in degrees, minutes, and 
seconds. 

T. YI. Log sines for every second to 3°, to five places. There is no name 
at all on the table ; but it is assigned (and no doubt correctly) to Schumacher 
in the Eo 3 ^al Society’s Library ; and Do Morgan, speaking of ■WAR]S'SroRFi'’d 
Schumacher (1 845), sa^^s that the original publication was Altona, 1822 j 
but there was an earlier edition, we believe, at Copenhagen, in 1820. 

Shanks^ 1853. The bulk of this work ([T. I.] pp. 2-85) consists of the 
Values of the terms in Mr, Shanks’s calculation of the value of tt by Machui*is 
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formula, tt = 1 6 tan ”* i — 4 tan ~ ^ - 5 ^ i;-. The terms in the expansion both of 
tan I and tan ^^re given separately to 530 places. The former 

occupy 60 pp. and extend to latter occupy 24 pp. and ex- 
tend to passing through the press Mr. 

Shank .4 extended his value of tt to 607 decimals ; and to this number of 
places it is given on pp. 86 and 87 of the book. 

[T. II.] (pp. 90-95) gives every twelfth power of 2 (viz. 2’ \ 2^’, &c.) as far 
as 2 ^“^^ (which contains 212 figures). 

On p. 89 are given the values of e, log^2, log^3, log^5, and log^ 10, to 137 
places, and the modulus to 136. Values of these quantities were given also 
by Mr. Shanks to 205 places (Vroc. Iloy. Soc. vol. vi. p. 397). The value of e 
was verified by the reporter to 137 places by calculation from a continued 
fraction (see Jlrit. Assoc. Itcport, 1871, pp. 16-18, sectional j^roceedings). 
The same writer also showed in vol. xix. p. 521 of the ‘ Proceedings of the 
Jloyal Society,’ that Mr. Shanks’s values of log 2, 3, 5, and 10 were inaccurate 
after the 59th place (all owing to one error in a series on which they depended), 
and deduced the correct values to 100 places. These results were verified by 
Mr. Shanks, who has recalculated the values of these logarithms, as well as 
that of the modulus, to 205 places: they are published in vol. xx. p. 27 of 
the ‘Proceedings of the Iloyal Society’ (1871)* 

Mr. Shanks’s 607-place value is given in Knight's ‘English Cyclopoedia,’ 
(Art, “Quadrature of the Circle”) copied from tlie work under notice ; and it 
has been verified by a subsequent calculation of Picliter to 500 places. A 
list of the calculators of tt, the number of places, (kc. to which they have 
extended their calculations, with references to the places where they are 
to be found, is given by Pierens do Ilaaii on a page at t he beginning of his 
“ Tables d’Integrales llL^inies ” in t. iv. of the Amsterdam Transactions. 
This page, however, does not appear in the separate copies of the tables 
(the ‘ Nouvelles Tables,’ Leyden, ](S67). Koran extended and corrected copy 
of this list, see ‘Messenger of Mathematics,’ December 1872, and some addi- 
tional corrections in the same Journal for July 1873 (t. iii. pp. 45, 46). 

Some years ago Mr. Shanks calculated the reciprocal of the prime number 
17389 so as to exhibit the complete circulating period, consisting of 17388 
figures, and placed a copy of it in the Archives of the Iloyal Society. Quito 
recently he has extended his calculation of tt to 707 decimal places (Proc. 
Boy. Soc. vol. xxi. p. 318). Mr. Shanks has sent us three corrections to this 
paper: viz. the 459th, 4G0th, and 46ist decimals in tt should be 962 instead 
of 834, and the 513th, 514th, and 515th decimals should be 065 instead of 
193; also the 75th decimal of tan~^-k should be 8 instead of 7. The two 
corrections in tt ai)ply also to the work under notice. 

Sharp, 1717. [T. I. ] (p. 40). The first hundred multiples of iJtt, to 21 places. 

[T. II.] Areas of se<jments of circles. The area of the whole circle is 
taken as unity; and the argument is the versed sine (or height of the 
segment), the diameter being taken as unity. The table then gives areas to 
17 places for arguments *0001 to *5000 at intervals of *0001, with differences. 
Thus, strictly, the argument is the ratio of the height of the segment to the 
diameter, and the tabular result the ratio of the area of the segment to that 
of the whole circle. The table occupies 50 pp., and is the largest of the kind 
we have seen. 

[T. III.] Table for computing the solidity of the tpright hyperbolic section 
• 0 f a cone, viz, for facilitating the calculation of the volumes of segments of 
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right circular cones, the segment being contained by the base of the cone (a 
segment of a circle), a hyperbolic section perpendicular to the base, and tho 
curved surface. The use of the table (which contains 500 values of the 
argument and occupies 5 pp.) is explained on pp. 24-26 of tho work. 

[T. IV.] Briggian logarithms of numbers from 1 to 100, and of primes 
from 100 to 1100, to 61 places; also of numbers from 999,990 to 1,000,010, 
to 63 places, these last having first, second. . . .tenth differences added. Tho 
logarithms in this table were copied into tho later editions of Siieuwin and 
other works. 

The portion of tho work which contains the tables is followed by a 

Concise treatise of Polyedra, or solid bodies of many bases ’’ (pp. 32). 

The work is universally attributed to Abraham Sharp, and no doubt exists 
as to his having been the author. 

[Sheepshanks, 1844.J [T. I.] Four-figure logarithms from 100 to 

1000, arranged as in scven-ligure tables, with proportional parts. 

[T. II.] Log sines and cosines (the arguments being expressed in time) to 
24*‘ at intervals of to four places, with proportional parts for multiples of 
10* (to 60*). Also log sines to F‘ for every 10\ with differences for 1*. 

[T. III.] Log sines, cosines, tangents, and secants from 0° to 6^ at 
intervals of 1', thence to 84° at intervals of 10', and then at intervals of 1' to 
90°, to four places. In the parts of the table where the intervals are 10', 
differences for 1' are given. 

[T. IV.] Natural secants and tangents from 0° to 80° at iniervuLs of 10', 
with differences for 1', and then to 86° at intervals of 1', with differences for 
10", to fqur places. 

[T. V.j^Modified Gaussian logarithms. There are two tables. Tho first 


gives log j^l + as tabular result for argument log .r, tlic range of log oj 
being from *000 to *909 at intervals of *001, from -90 to 2*00 at intervals of 


•01, and thence to 4*0 at intervals of *1. The second table gives log ^1 — 

as tabular result, corresponding to the argument log .r, the range being from 
•000 to 1*000 at intervals of *001, from 1*00 to 3 -00 at intervals of *01, and 
from 3*0 to 6*0 at intervals of *1 : both tables to four places, with propor- 
tional parts. 

[T. VI.] Log sin^ (| hour angle) from 0^ to 9*' at intervals of l’*\ to four 
places, with proportional parts for multiples of 10* (from IIvpeu). 

[T. VII.] Aiitilogarithms, for logarithms from *000 to 1*000 at intervals 
of *001, to four places, with proportional parts. 

There are also two or three astionomical tables. 

De Morgan states that the work was issued under the title given in § 5 in 
1846, and two years previously without name or titlepago. It is from one of 
these carKer copies that the above description has been written ; wo have 
seen no copy bearing either author’s name or date. 

Sherwin, 1741. [T. I,] (which follows p. 35 of tho introduction) gives 

Briggian logarithms to 61 places of all numbers to 99, and tho logarithms of 
primes from 100 to 1097, calculated by Abraham Sharp (see 8iiAKr, 1717, 
[T. IV.]). 

[T. II.] Briggian logarithms of thirty-fivo other numbers (viz. 999,981 
— 1,000,015), to 61 places, with first, second, third, and fourth differences, 
to 30 places (Sharp [T. IV.]). 

[T. III.] Seven-figure logaiithms of numbers to 1000, and from 10,000 

1873. K 
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to 101,000, with proportional parts. The proportional parts near the begin- 
ning of the table, being too voluminous for insertion on the page, are printed 
on a fly-sheet, and bound up facing the introductory page of the table. 

[T. ly.J Natural and log sines, tangents, and secants for every minute, to 
seven places. Differences for the logarithmic functions are added, but not 
for the natural ones. 

[T. V.] Natural and log versed sines from 0° to 90° at intervals of a 
minute, to seven places. Part of a page at the end of [T. V.] is occupied by 
a small table to convert sexagesimals into decimals, &c., and vice versd. 

The remaining table (of difference of latitude and departure) is not in- 
cluded in this Eoport (see § 2, art. 12). 

Sherwin went through five editions ; but as none were stereotyped, some of 
the later are less accurate than the earlier. Do Morgan remarks, “ Second 
edition, 1717 ; third revised by Gardiner, and the best, 1742; fifth and last, 
1771, very erroneous — the most inaccurate table Hutton ever met with.” 
In speaking of the third edition we at first thought that De Morgan should 
probably have written 1741 instead of 1742, as the edition we have described 
bears the former date, but we have since seen a copy of 1742. 

Wo possess an edition (1726) which contains a list of “Errata for the 
second edition of Sherwin’s Mathematical Tables ’’ by Gardiner. In this edi- 
tion, in place of [T. I.] and [T. II.] there are given two pages (pp. 28 and 29) 
headed “ M. Brigg’s {sic) Logarithms for all Numbers, from 1 to 100, and for 
all Prime Nximhers from 100 to 200, calculated by that Ingenious Gentleman 
and Indefatigable Mathematician, Mr. Abr. Sharp, at Little Horton, near 
Bradford in Yorkshire.” The logarithms are given to from 50 to GO places 
(not all to the same extent). 

We have also before us an edition of 1700 ; and the dedication, which is 
the same in all the editions wo have seen, is dated July 12, 1705. The table 
on pp. 27 and 28 is the same as in the edition of 1726 ; but at the end of the 
introduction is a table of errata, wdiich are corrected in this latter edition. 
The titlepage of the editions of 1705, 1700, and 1720, and perhaps other 
dates, runs, “ Mathematical Tables, . . .with their Construction and Use by 
Mr. Briggs, Mr. Wallis, Mr. Halley, Savilian Professors of Geometry in the 
University of Oxford, Mr. Abr. Sharp” (the names of the authors being 
placed one under the other); and in the edition of 1706 is added, “The 
whole being more correct and complete than any Tables extant.” Sherwin’s 
name does not, therefore, occur on the titlepage at all; but the preface is 
signed and the tables were prepared by him, so that the work is universally 
known as “ Sherwin’s Tables.” In library catalogues, however, it will gene- 
rally be found entered under the name of Briggs, Wallis, Halley, or Sharp. 

In the edition of 1741, the names of Briggs, Wallis, Halley, and Sharp do 
not appear on the titlepage, but wo have “The third edition, carefully 
revised and corrected by William Gardiner ” instead. 

It will bo seen that there is some confusion in the editions, as, if Do 
Morgan is correct in saying that the second edition was published in 1717, 
the edition of 1726 would be the third, and that of 1741 the fourth. 

The Eoyal Society's Library contains a copy with “1705” on the title- 
page, while the edition of 1706 (which is in the library of Trinity College, 
Cambridge) has the date printed in Eoman characters, MDCCYI. 

We have seen (in the Graves Library) the fourth edition, 1761 ; and the 
British Museum contains, besides the editions of 1717 and 1742, the fifth 
edition, “ revised and improved by S. Clark ” (1772), while the Cambridge 
University Library has the same edition with the date 1771. 
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Tho editions we have seen are 1705 and 1706, 1717, 1726 ; the third 
edition 3741 and 3742, the fourth 1761, and tho fifth 1771 and 1772. It 
thus appears that it was not at all an uncommon thing (probably as the 
impression was being made up from time to time) to advance the date by one 
year. The first four dates we may distribute among the first two editions as 
we please ; most likely 1705, 1706, and 1717 for the first, and 1726 for tho 
second. 

Rogg (p. 403) gives the editions as 1706, 1742, 1763, and 1771 ; but else- 
where (p. 262) ho speaks of the fifth as of 1785, which must bo incorrect. 

De Haan (‘ lets over Logarithmentafels,’ p. 57) gives the dates of the 
editions as 1706, 1717, 1726, second 1742, 1751, 1763, fifth 1771. The 
subject of the dates of the editions of Sherwin is discussed at some length in 
the ‘ Monthly Notices of the Royal Astronomical Society ’ for March and 
May 1873 (vol. xxxiii. pp. 344, 454, 455, 457). Mr. Lewis, in his letter 
to the reporter, printed in the second of these papers, mentions 1717, 1742, 
1761, and 1771 as the dates of the editions ho had seen, agreeing perfectly 
with those mentioned by Do Morgan, Lalande Ribliog. Astron.^), and tho 
results of our own observation. He remarks that Barlow gives 1704 and 
Callet 1724 as dates of editions, of which the former may bo dismissed at 
once as an obvious blunder. Tho editions therefore that w^o have not seen, 
but which may exist, are those of 3724, 1751, and 1763. About any of 
these or any others wo should be glad to receive information, 

Rogg mentions that Sherwin has often been confounded with Gardiner, 
even by Kiistner and Biigge. 

With regard to the accuracy of the tables, Hutton writes (we quote from 
p. 40 of the Introduction to his tables, 3rd edit. 1801) : — Tho first edition 
was in 1706 ; but the third edition, in 1742, which was revised by Gardiner, 
is esteemed the most correct of any, though containing many thousands of 
errors in the final figures : as to the last or fifth edition, in 1771, it is so erro- 
neously printed that no dependence can be placed in it, being the most in- 
accurate book of tables I ever knew ; I have a list of several thousand errors 
which I have corrected in it, as well as in Gardiner’s octavo edition.” 

De Haan (‘ lets ’ &c., p. 26), speaking of tho 1742 edition, says that it 
contains the logarithms of the numbers from 999,980 to 1,000,020 to 61 
places ; but on examination we find that the above description of [T. II.] is 
correct. The advertisement to the book itself is no doubt tho source of the 
error ; for it is there said to contain the logarithms of the 41 numbers from 
999,980 to 1,000,020, whereas it really contains the logarithms of tho 35 
numbers from 999,981 to 1,000,015. 

Sherwin’s tables are of historical interest as forming part of the main line 
of descent from Briggs ; and tho different editions cover the greater part of 
the last century. The chief succession (considering only logarithms of num- 
bers) is Briggs, Ylacq, Roe, John Newton, Sherwin, Gardiner; and then 
there are two branches, viz. Hutton founded on Sherwin, and Callet on 
Gardiner, the editions of Yega fonning an offshoot. 

Shortrede (Compendious logarithmic tables), 1844. Small tables of 
common logarithms with sexagesimal arguments, logarithms to 12,600, anti- 
logaritlims from 0 to *999, log sines and tangents to 5', also from 0° to 3°* 
and from 3° to 5^ for every two minutes ; aU to five or six places. The 
tract only contains 10 pp. 

Shortrede (Tables), 1844. T. I. Seven-figure logarithms to 10,800 with 
characteristics, but without dijfferences, and from 10,800 to 120,000, with 
differences, and their first nine multiples at the bottom of the page : the num- 

X 2 
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ber of degrees, minutes, and seconds corresponding to tbe numbers in the 
number-column multiplied by 10 is given throughout ; and at the top of every 
page are printed, to seven places, the logarithms of certain constants, viz. 
of 360°, 180°, 90°, 1°, 24^, 12^, 3**, I*', and radius (all expressed in seconds) 
of arc 1", w and M the modulus. The change of figure in the line is 
denoted by a nokta,” the same as that employed subsequently by Mr. Sang 
(see Sang, § 3, art. 13) ; and its use is open to the same objections here as 
there. 

T, II. Antilogarithms, viz. numbers to logarithms from *00000 to 1*00000 
at intervals of *00001, to 7 places, with differences and multiples at the 
bottom of the page. The same logarithms of constants are given on the top 
of the page as in T. I. ; and the change in the line is denoted in the same 
way. At the end of this table (p. 195), under the head “ Useful Numbers, 
the logarithms of some constants are given. 

T. III. (pp. 598). Log sines and tangents to every second of the clrcum^ 
ference, to 7 places (semiquad rantally arranged), the arguments throughout 
being also given in time. The use of the word circumference instead of 
quadrant in this description is justified by the fact that the signs are given 
for the different quadrants at the top and bottom of the page : thus we have on 
the first page, at the top, 0° Sin -}-, 90° Cos — , 180° Sin — , 270° Cos -J-, and 
at the bottom 89° Cos + , 179° Sin -f , 269° Cos — , 359° Cos — , and the same 
for the tangent and cotangent, the arguments being also expressed in 
time. Complete proportional parts are given throughout for tenths of a 
second of space, and for the first six hundredths of a second of time, both 
for the sine and tangent; but near the beginning of the tables coefficients of 
correction for first and (sometimes) second differences are added instead. The 
arguments, as before stated, arc given also in time ; so that corresponding to 
1", 2", 3", &c. we have *06®, *13®, *20®, &c. This table is the most complete of 
the kind wc know of, and is unique ; the figures are clear ; and the objection 
to the ‘^nokta’^ does not apply here; in one column (p. 142) there are two 
changes on the page. 

T. Y. Seven-place log sines, tangents, and secants to every point and 
quarter point of the compass. 

T. XILKVITI. Lengths of circular arcs, viz. circular measure of 1°, 2°, 3° 
.... 180°, of 1', 2', . . . . 60', of 1", 2", .... 60", and of 1"', 2'", .... 60'", to 7 
places. 

T. XXXIX. Proportional parts to hundredths of the reciprocal of tho 
modulus, viz. 2*302 . . ., to 8 places. 

There are thirty-nine tables in the book (T. XLI. is the last ; but XXXY. 
and XXXYI. are accidentally omitted), the others being astronomical or me- 
teorological &c. 

The paging recommences with T. III. and proceeds to p. 634. See Short 
REDE, 1849 (next below). 

Shortrede, 1849. Thisfis a second edition of the -work of 1844, and is 
in 2 vols. There is a preface of xxv pages to vol. i. T. I. and II. are the 
same as T. I. and 11. in the 1844 edition; T. III. is a small ten- 
place table of the lengths of circular arcs. T. lY. and Y. are for finding 
logarithms and antilogarithms to many places ; viz. colog (1 + ‘Olw) 
.. .colog (1 + *01® n\ (fee. are given for n = 1, 2,. . .100, to 16 places, and 
colog (1 Hh *01 n).. .colog (1 + *01'*^) for n = 1, 2,. ..10, to 25 places 
(initial ciphers being omitted). There are added small auxiliary tables 
for facilitating the resolution of numbers into convenient factors. T. 
VI, The first hundi*ed multiples of the modulus and its reciprocal to 32 
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places. T. YII. (which occupies six closely printed pages). Modified Gaus- 
sian logarithms. B (=log 1+^) and C ^=log tabulated for argii- 

me^ A (=log ^), to 5 places, from A=5 to 3 at intervals of *1 ; from A = S 
to 2*7 at intervals of *01; from A = 2*7 to 1*3 at intervals of *001 ; and 
from A=:l*3 to 3*0 at intervals of *01, and thence to A=5 at intervals of *1. 
T. YIII. Log (1 . 2 . 3. ..r) from ^=1 to ir=1000, to 5 and (for the argu- 
ments ending in 0) to 8 places. 

Then follow 2 or 3 pp. of barometric (fee. tables, and a page of constants 
• • sin arc 

(including a small table of log and the same for the tangent). 

£yrc 

The second volume contains T. III. of the 1844 edition, followed by some 
spherical-trigonometry formulae, and the same page of constants as in vol. i. 

In the advertisement to the second (1849) edition, Shortrede says 
small edition of this work was published in 1844, before I had an opportu- 
nity of seeing it complete, which in several respects was such as I did not 
like. Ill the present edition many alterations have been made to conform it 
more to my views ; and for the convenience of purchasers it is now published 
in two separate volumes.” The prices of the two volumes arc, Y ol. 1, 12^., and 
Yol. II. 30s. ; it is worth noting this, as we have seen it stated that the price 
of Shortrede’s logarithms (by which some might understand the whole work) 
is 125. Be Morgan says, “ They [Shortrede’s tablesj first appeared in 
1844; but some defects and errors having been found, the edition of 1S44: 
was cancelled, and a new edition from corrected plates issued in 1849.’^ 
This may be true ; but although we have seen four copies of the 1844 edi- 
tion in different libraries, we were not able to obtain a sight of the 1 849 
edition anywhere till we bought it. Our copy of Yol. i. is dated 1849, and of 
Yol. ii. 1858. There are few tables in which, relatively to the numher of 
figures^ the pages arc so clear, and the logarithmic canon to seconds is much 
the most complete we have seen. Ev«ry one must agree with Be Morgan 
that the work shows extraordinary energy and public spirit. This is the 
most complete second canon in existence, and is the most accessible. Only 
two others have been published : — Michael Taylor, 1792, which has several 
defects attending its use ; and Bagay, 1829, which is scarce. 

A list of twenty-six errors (nearly all in the antilogarithms) is given by 
Shortrede himself in the ‘Monthly Notices of the Koyal Astronomical 
Society’ for January 1804 ; and a supplemental list is added in the saino 
publication for May 1867, where ho says that “the unauthorized issue in 
1 844 contains several others.” One erratum is also given in the ‘ Monthly 
Notice’ for April 1867. Shortrede adds that the great majority of the 
errata were communicated to him by Mr. Peter Gray. 

In the ‘ Insurance Eecord ’ Mr. Filipowski charged Shoitrede with having 
corrected his table by the aid of his (Filipowski’s). That the charge? was 
utterly unfounded is proved bj^ the letter of Mr. Peter Gray (‘ Insurance 
llecord,’ June 9, 1871), who states that the errata in Bonsox were given to 
Shortrede by himself (Mr. Gray) ; and we have seen reason to impute un- 
fairness to Mr. Filipowski in another matter with regard to Bodson (su 
Filipowski, 1849, § 4). Mr. Gray has kindly placed at our disposal his 
copious list of errors in Bodsox, of which we hope to make use in a sub- 
sequent Eeport. ^ 

Shortrede did not pay sufficient attention to the examination of the errata- 
lists of previous works ; and, in consequence, his tables contain a much greater 
number of the hereditary errors that had descended from Ylacu than do the 
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best contemporary works. These errors are insignificant in themselves, ex- 
cept in so far as they show the acquaintance of the author of a table with 
the works of his predecessors. Shortredo was absent in India during the 
publication of the 1844 edition (which contains seven of those errors) ; but 
that of 1849 was published under his own superintendence, and still it con- 
tains six, while Babbage, HtrLssE^s Yega, and other works of earlier date 
have but one. See ^ Monthly Notices of the Boy. Ast. Soc.,’ March 1873, 
t. xxxiii. p. 335 ; and Gernerth’s tract (§ 3, art. 13, p. 55). 

Stansbury^ 1822. [T. I.] Small table to convert arc into time. 

FT. II.l Proportional logarithms for every second to 3°, to 4 places. Same 
as T. 74 of Bapee. 

T. D. Log somitangents, viz. log ^^^^^from to .r= 180° at intervals 

of 15', to 3 places. This table occupies one page. 

T. G. Proportional logarithms for every minute to 24’^, viz. log 1440 
— log j?, the arguments being expressed in hours and minutes (and also in 
arc), to 4 places. 

T. H. (pp. 215-304). Log sines and secants, also log versed and sucoversed, 
from 0° to 90° at intervals of 15" (arguments also expressed in time), to 5 places. 
By “ versed and “sucoversed^’ arc meant “semiversed sine ’’and “semisu- 
coversed sine ” (the terms introduced by Do Mendoza y Bios being used for 

1 _L. cos X T 1 1 4- sin x 

brevity, see Bios, 1809); so that the table gives log ^ — and log — , 

This table was copied from T. XYI. of Bios ; but there is a difierenco of 
arrangement, as the original table gave log sines, cosines, Ac., the arrange- 
ment being semiqiiadraiital, while in the present work it is quadrantal. 

T. X. Pive-figure logarithms from 1000 to 10,000 ; no dificrences. 

T. y. Halves of natural sines, viz. J sin x from a?=0° to .r=90° at in- 
tervals of a minute, to 5 places, with proportional parts for seconds. 

The other tables are nautical. ^ 

Stegmann, 1855. T. I. Six-figure logarithms to 119, and five-figuro 
logarithms, with differences, from 1000 to 10,000. 

T. II. Antilogarithms from *0000 to ’9999, to 5 places. A few tables of 
atomic weights &c. arc added. As in Filipowsxi’s tables, the terminal 5 is 
replaced by the Boman Y when it has been increased. 

The preface to these tables is signed by Stegmann, but his name docs not 
appear on the titlepago. 

^Stegmann* This work we have not seen. Three errata in it are given 
by Prof. Wackerbarth in the ‘ Monthly Notices of the Boyal Astronomical 
Society’ for April 1867 : and this is the only place in which we have seen 
the table referred to. It is very possibly a five-figure hyperbolic logarithmic 
table, similar to the same author’s table of common logarithms just de- 
scribed. 

Janet Taylor, 1833. T. XYII. Log sines, tangents, and secants to 
every quarter point, to 6 places. 

T. XYIII. &x-figurc logarithms of numbers to 10,000. 

T. Xni. Log sines and tangents for every 10" to 2°, and log sines, tan- 
gents, and secants for every minute of the quadrant, to 6 places, with dif- 
ferences. 

T. XX. Natural sines for every minute of the quadrant, to 6 places. 

T. XXI. Log versed sines to 8*^ aC intervals of 5% to 5 places. 

T. XXXYI. Proportional logarithms for every second to 3°, to 4 places ; 
same as T. 74 of Bapee. 
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At tlio end of the preface Mrs. Taylor makes the following curious re-^ 
mark : — “ Some errors have crept into the calculations from the multiplicity 
of entries &c. ; these, I trust, will claim the indulgence of the public ; for 
the system on which I have worked being mathematically correct, and 
founded on sound principles, any slight oversight in the figures can bo of 
but little moment, and very easily rectified.” It is to bo presumed that this 
does not refer to the tables included in this itoport, as they would not have 
been calculated afresh. 

Mrs. Taylor was also the author of a work on navigation, the tables in 
which arc described below. 

Janet Taylor, 1843. T. 3. Log sines, tangents, and secants to every 
quarter point, to 6 places. 

T. 4. Six-figure logarithms of numbers to 10,000. 

T. 5. Log sines and tangents for every 10" to 2° ; and log sines, tangents, 
and secants for every minute of the quadrant, to 6 i)lace8, with dilfereiicos. 

T. 30. Log versed sines for every 5** to 8‘‘, to 5 places. 

T. 32. Natural sines for every minute of the quadrant, to G places. 

T. 35. Proportional logarithms for every second to 3°, to 4 places ; samo 
as T. 74 of Eapee. 

Mrs. Taylor, as wo learn from an advertisement, kept a nautical academy 
in the Miiiorics. 

Michael Taylor, 1702. [T. I.] Logarithms of numbers to 1260, to 7 

places. 

[T. IL] Logarithms of numbers from 10,000 to 101,000, to 7 places, with 
difiercnccs and propoidional parls. The rliaiigo iji the third figure, in the 
middle of the line is not marked. 

[T. III.] Table of log sines and tangents to evenj second of the quadrant, 
to 7 places (scmiquadrantally arranged). The change in the leading figures, 
when it occurs in the middle of the column, is not marked at all ; and it 
requires very great care in using the table to prevent errors from this 
cause. If any one is likely to have to make much use of the table, it will 
bo worth his while to go through the whole of it, and fill in with ink the first 
0 after the change (making it a black circle such as is used to denote full 
moon in almanacs), and also to make some mark that will catch the eye at 
the top of every column containing a change. This will be a work of con- 
siderable labour, but is absolutely necessary to ensure accuracy. It is no 
doubt chiefly on account of the absence of any mark at a change that 
Pagay lias so completely superseded tliis table, though difCcrcnco of size 
are also iu favour of the former. 

[T. I.] and [T. II.] present no novelty ; but [T. HI.] is an enormous table, 
containing about 450 pages, with an average number of about 7750 figures 
to a page, so that it contains nearly three millions and a half of figures. 
The left-hand pages contain sines and cosines, the right-hand tangents and 
cotangents. This is unfortunate, as the sines and cosines (which are used 
far more frequently than the tangents and cotangents) are thus separated 
at least a foot from the computer’s paper as ho works Avith the table on his 
left ; and it is well known that tho number of errors of transcription is 
proportional to the distance the eye has to carry tho numbers. [T. III.] was 
calculated by interpolation from Ylacq’s ‘ Trigonometria Artificialis,’ to 10 
places, and then contracted to 7 ; so that the last figure should always be 
correct. Taylor was a computer iu the Nautical Almanac Office ; he unfor- 
tunately died almost at the moment of the completion of his work, only five 
pages remaining unfinished in tho press at the time of his death. These 
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were examined, and the introduction &c. written, by Maskelyne. Some 
errata, found among Taylor’s papers, arc given on p. G4 of the work; and a 
list of nineteen errata signed by Pond is published in the ‘ Nautical Almanac’ 
for 1833. To this list is appended the remark: — “The above errata were 
detected by collating Tajdor’s Logarithms with the French manuscript tables, 
now the property of C. Babbage, Esq. The arrangement for this examina- 
tion was made by the late lamented Dr. Young ; a few days only before his 
death he gave directions for its completion. — J, Poxn.” 

"We do not know any thing further with regard to this examination, though 
the fact that certain errors were found in Taylor by comparison with the 
French tables is well known; but there must be some mistake, as the French 
tables could not have been even temporarily the property of Babbage. In 
the preface to his tables Babbage states that while on a visit to Paris ho 
availed himself of the opportunity of consulting the great manuscript tables 
preserved at the Observatory, and that he “ enjoyed every facility for making 
the comparisons which were requisite for this purpose [the preparation of his 
seven-figure table], as well as making extracts necessary to me for other 
calculations.” 

Bagay intimates in his preface that he had found 70 errors in Taylor. 

Taylor was also the author of the Sexagesimal Table (§ 3, art. 9) ; and wo 
cannot but admire the undaunted perseverance that could enable him to com- 
plete such monuments of industry in addition to his routine work as computer 
in a laborious office. 

Thomson, 1852. T. I. One-page table to convert arc into time. 

T. X. Lof/aritJims for finding the correction of the sun^s decimation &c,, 
viz. log 1440 — log .r, from a;=l to .r= 1440, to 4 places. 

T. XI. Logarithms of the latitude and giolar distance, viz. log secants to 
every minute of the quadrant, to 5 ifiaces, without difierenccs ; qnadran tally 
arranged. 

T. XII. Logarithms of the half sum and difference^ viz. log sines and 
cosines to every minute of the quadrant, to 5 places, without differences ; qua- 
dran tally arranged. 

\C 

T. XIII. Logarithms of the apparent time or horary angle^ viz. 2 log sin ^ 

from to a?=9‘' at intervals of 10% with proportional parts for seconds, 

to 5 places. 

T. XY. Tjogariilims of the apparent altitudes, viz. log cosec x — •54i)0, 
from x—i)^ to x=z 89°, at intervals of a minute, to 4 places. 

T. XYI. Ijogarithms of the apparent distance, viz. log sines and tangents 
for every minute, from 18° to 90°, to 4 places. 

T. XIX. Four-place proportional logarithms for every second to 3° ; same 
as T. 74 of Eapek. 

T. XXIII. Tjogariilims of the sum and difference, viz, log sin from 

x=QT to .r=180°, at intervals of a minute, to 6 places. 

T. XXIY. Six-figure logarithms of numbers from 1000 to 10,000, with 
differences and tables for interpolating at the foot of the page. In this book 
it is only required to find numbers corresponding to logarithms ; and the 
tables are constructed with this view. There are given, therefore, the usual 
differences (called first differences), and the approximate results of the divi- 
sion of 1 , 2, 3, ... . 10, and ten or more higher numbers by them. By the second 
difference is meant the difference between the given logarithm and the logarithm 
next below it in the table. 
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T. XXy. Natural versed sines for every minute to 120®, to 6 places, with 
proportional parts for seconds. 

The other tables are nautical &c. 

Trotter, 1841. [T. I.] Six-figure logarithms of numbers to 10,000, 
with differences. This is followed by a small table to convert Briggian into 
hyperbolic logarithms <&c. 

I'T. II.] Log sines, tangents, and secants to every quarter point, to 0 
places. 

[T. III.] Log sines and tangents for every fifth minute of the quadrant, 
to 6 places. 

[T. ly.] Natural sines and tangents for every fifth minute of the quadrant, 
to 6 places. 

[T. y.] Areas of circular segments, to 0 places ; same as T. XIII. of 
IIantschl. 

[T. yi.J Squares, cubes, square and cube roots (to G places) for numbers 
from 1 to 1000. 

[T.yil.] Circular measure of 1°, 2®, 180°, ofl', . . . .60', ofl",. . . .60", 

and of 1'",. . . .60'", to 7 places. 

[T. yill.] Reciprocals of numbers from 1 to 500, to 9 places. 

[T. IX.] Logarithms of numbers from 1000 to 1100, to 7 places. 

[T. X.J Lengths of sides of inscribed and circumscribed polygons (up to a 
20-sided figure), the diameter of the circle being unity, to 7 places. 

[T. XI.] Hyperbolic logarithms of numbers from 1 to 100, to 8 places. 

[T. XII.] For finding the areas of oblong and oblate spheroids. A few 
constants are given. The other tables are astronomical, meteorological, &c. 
Borne trigonometry is prefixed at the beginning (pp. 102). 

Turkish Logarithms &c. [1834J. The book commences on the last 
page ; and the first table gives seven-figure logarithms of numbers from unity 
to 10,080, arranged consecutively in columns, there being three columns of 
arguments and tabular results to the page. The tables begin at the last page, 
as before remarked, t he extreme right-hand column being the first column of 
arguments ; to the left of it is the corresponding column of tabular results, 
then to the left of that the second column of arguments, and so on. The 
table occupies 84 pp. (up to p. 85). Then ‘‘ follow’s ’’ a table of log sines and 
tangents for every minute of the quadrant (seiniquadrantally arranged), the 
sines and cosines being side by side, and separated by some ‘‘white’’ from 
the tangents and cotangents. This table occupies 90 pp., and is followed by 
a similar table of natural sines and tangents (to 7 places), wdiich also occupies 
90 pp. Except that the table runs in the wueng direction, it only differs from 
an ordinary table in the ten digits being denoted by different marks from 
those to which we are accustomed. A few minutes’ practice, however, is quite 
sufiicient to get used to the new numerals ; and then the table could be used 
as well as any other. There is no introductory or explanatory matter. The 
book is in the British Museum ; and the place and date in § 5 are taken from 
the Catalogue of the Library. 

Ursinus^ 1827. [T. I.] Six-figure logarithms to 1000, and from 10,000 
to 100,000, without differences ; the values of § and T for finding log sines 
and tangents of angles below 2° 46' 40" (see § 3, art. 13) are given at the top 
of the page. 

[T. II.] Log sines and tangents for every 10 seconds throughout the 
quadrant, with differences, to 6 places. 

[T. in.] Longitudes of circular arcs, viz. circular measure of 1°, 2®, 3®, . . . . 
360®, of 1', 2', . . . . 60', and of 1", 2", .... 60", to 7 places. These are followed 
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by a page giving the sines of 3% 6®, 9°, 87° accurately (i. e» expressed as 

radicals). 

[T, IV.] Longitudes of chords, viz. lengths of chords subtending given 
angles (the arguments) at tho centre. The arguments proceed from 0° to 
108°, at intervals of ten minutes, and thence to 180° at intervals of 1°; and 
the tabular results are given to 3 places. 

[T. V.] Abacus tri(/ono7netricus, viz. natural sines, tangents, and secants, 
and log sines and tangcni.s from 0° to 90° (quadrajilally arranged), to 
every ton minutes, to (3 places. Then follow a few formula) and con- 
stants. 

Vega (Thesaurus, fol. 1704). T. I. (Magnus Canon logarithmorum 
vulgarium). Logarithms of numbers from 1 to 1 000, without differences, and 
from 10,000 to 100,999, with differences, to 10 places, arranged like an 
ordinary seven-figure table, rroportional parts arc also given, but only for 
the first two or tlirec figures of the difierence. The table can thus be used 
as an ordinary seven- figure 1-able. A change in the fourth figure in tho 
middle of the line is denoted by an asterisk prefixed to aU the logarithms 
affected. T. I. occupies pp. 1-310. The last page and a half are devoted to 
multiples of the modulus, a few constants, and a table to convert degrees (1° 
to 3G0°) and minutes (1' to 00') into seconds. 

T. II. (Magnus Canon logarithmorum vulgarium irigonometricus). Log 
sincB, cosines, tangents, and cotangents, from U° to 2° at intervals of one 
second, to 10 places, without differences, and for the rest of the (piadrant at 
intervals of ten seconds, also to 10 places, with differences. All this occupies 
pp. 311-029, and is followed by 3 pp. cont aining natural sines for angles less 
than twelve minutes, to every second, to 12 places. 

The appendix occupies pp. 633-085 : p. 633 contains formula) ; and pp. 634 
and 635 arc occupied with tables of the longitudes of circular arcs &c. Of these 
the first gives the circular measure of 1°, 2°, 3°, .... 300° the second of 1', 2', 
3', . . . . 60', the third of 1", 2", 3", .... 60", all to 1 1 places ; the fourth is a 
small table to express minutes and seconds as fractions of a degree. Pp. 636- 
640 are occupied with formuhe for the solution of triangles ; and on pp. 641- 
684 [T. III.] we have Wolfram’s great tabic of hyperbolic logarithms (see 
Schulze, § 4), The six omitted in Schulze arc given ; and it is stated in tho 
preface that several errors have been corrected. The error pointed out by Mr. 
Gray (see Schulze [T. II.]) is reproduced. An error in log^ 1099 is pointed 
out by Prof. Wackorbarth in the ‘ Monthly Notices of the lioyal Astronomical 
Society’ for April 1807. 

Some of the errata found in Vlaco are indicated in the preface. These are, 
as a rule, corrected in tho book ; others, given in a list at the end of the in- 
troduction, were found after tho printing, and must be corrected in manu- 
script before use. There is a third list at the end of the work (p. 685) ; but 
it is identical with that at the end of the introduction. 

In some copies the list at the end of tho introduction is much more com- 
plete than in others, the errors in Vlacq being marked by an asterisk, and the 
errata being also given in Latin and German. It is probable that additional 
errata were found before the* edition was all made up, and that the original 
list was suppressed and tho new one substituted. In all copies the titlepago 
is tho same. See ‘Monthly Notices of the Pv^oy. Ast. Soc./ Juno 1872, and 
May 1873 (p. 454). 

There is a great difference in the ai^poarance of different copies of tho work. 
In some the tables are beautifully printed on thick white paper, with wide 
margin, so that the book forms ono of the handsomest collections of tables we 
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have seen ; while in others the paper is thin and discoloured ; all arc printed 
from the same type. 

The arrangement of T. I. (though about half the space that would bo required 
if the logarithms and differences were written at length is thereby saved) is not 
nearly so convenient as in Ylacq ; 1628, for there is danger of taking out a 
wrong difference. Vega took great pains to free his tables of logarithms of num- 
bers from error ; and ho detected all tho hereditary errors that had descended 
from Ylacq which affected the first seven figures of the logarithms. But as 
several of these errors were corrected in his errata-list and not in the text, his 
successors, who failed to study these lists sufficiently, were really less accurate 
than ho was. The last thousand logarithms that appear for tho first time in 
this work were calculated by Lieut. Dorfmund at Yega’s instigation. 

T. II. is not reprinted entirely from Ylacq’s ‘ Trigonometria Artificialis,^ 
as tho logarithms for every second of the first two degrees were calculated for 
the work by Lieut. Dorfmund. Yoga seems not to have bestowed on tho tri- 
gonometrical canon any thing approaching to tho care he devoted to tho loga- 
rithms of numbers, as Gauss estimates the number of last-figure errors at from 
31,983 to 47,746 (most of them only amounting to a unit, but some to as 
much as 3 or even 4). 

Yega offered a reward of a ducat for every error found in his table ; and 
it is to be inferred from his preface that he intended to regard inaccuracies of 
a unit as such, so that it was fortunate that no contemporary of his made an 
examination similar to Gauss’s. The paper of Gauss’s in which this estimate 
occurs is entitled ‘‘Einige Bemerkungen zu Yoga’s Thesaurus Logarithmo- 
rum,” and appeared in the ^ Astronomische Nachrichten,’ No. 756, for May 2, 
1851 (reprinted ^ Y^erkc,’ t. iii. pp. 257-264). It contains an examination 
of tho relative numbers and magnitudes of the last-figure errors that occur 
in the sine, cosine, and tangent columns. It is easily shown that the tan- 
gents were formed by mere subtraction from tho sine and cosine columns ; 
but Gauss was unable to explain the fact that the cosines wete more accu- 
rate than the sines, which appeared as one of tho results of the examination. 
This question is further discussed in the ^Monthly Notices of tho Eoy. Ast. 
Soo. ’ for May 1873 ; and it is there shown by the reporter that this result is 
a direct consequence of the formula by means of which Ylacq calculated the 
table. So long as all these errors remain uncorrected, tho logarithmic trigo- 
nometrical canon cannot be considered to be in a satisfactory state, as it is 
certainly desirable that a reliable ten-place table should exist. 

Wo believe no perfect list of errors in Yoga has been given : a number of 
errors in T. I. are given by Lefort (‘ Annales do I’Observatoire de Paris,’ 
t. iv.) j but this list could not, from the manner in which it was formed, in- 
clude any errors that did not also occur in Ylacq. 

A long list of errors in the trigonometrical tables of Yega is given by 
Gronau, ‘ Tafeln fiir die hyperbolischen Sectoren’ &c. Dantzig, 1862, p. vi. 

Copies of Yega are still procurable (but with difficulty and delay) from 
Germany, through a foreign bookseller, for about .£1 IO 5 . or .£1 15.9. 

Vega (Manuale), 1800. T. I. Seven-figure logarithms to 1000, and 
from 10,000 to 101,000, with proportional parts. The change in the line 
is denoted by an asterisk prefixed to the fourth figure of all tho logarithms 
affected. A few constants are given on p. 188. 

T. II. Log sines, tangents, and arcs for tho first minute to every tenth of 
a second. Although there is a triple heading, there is but a single column of 
tabular results, as for such small angles the sines, tangents, and arcs arc equal 
to one another. 
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Log sines, cosines, tangents, and cotangents, from 0° to 6® 3' at intervals 
of 10"., and thence to 45° at intervals of 1', to 7 places, with ditferences for 
1" throughout. 

An Appendix contains some spherical trigonometry. One page (p. 297) 
contains longitudes of arcs, viz. circular measure of 1°, 2°, . . . . 90°, and 
by intervals of 10° to 180° ; also of 300°, of T, 2', ... . 00', and of 1", 2", .... 
00", to 8 places. At the end some errata are given, and also some in Callet 
and other works. 

The description of this work, according to order of date, should follow the 
next ; but as it is referred to in the latter it is eonvenient to place it first. 

Vega (Tabulae), 1797. Yol. i. — T. I. is identical, page for page, with 
T. I. of Vega’s ‘ Manuale ’ just described, and was most likely printed from 
the same t 5 "pe. The constants <S:c. on p. 188 are also identical. 

T. II. is also identical with T. II. of the ‘ Manuale,’ only with the addition 
of 40 more pages, containing log sines and tangents from 0° for every 
second to 1° 30' 0", to 7 places, without difiercnces. Thus the ‘ Tabulse^ and 
the ^ Manuale ’ agree to p. 193 ; then the 40 pp. are inserted in the ^ Tabulse,’ 
and pp. 233-330 of the ‘'Tabulae’ arc identical with pp. 193-290 of the 
‘ Manuale,’ the coincident portions of the two works being doubtless printed 
from the same type. 

T. III. Natural sines and tangents to every minute of the quadrant, to 
7 places, with differences for one second throughout. 

The Appendix contains a table of circular arcs, viz. the circular measure 
of 1°, 2°, 3°, . . . . 300°, of I', 2' 60', and of 1", 2", .... 00" (with the cor- 

responding number of seconds in these angles), to 8 places, and small tables 
for the conversion of arc into time, and hours &c. into decimals of a day. On 
pp. 407-409 are given one or two constants connected with the calcula- 
tion of TT, the values of a few radicals, and the expression for the sine of 
every third degree in radicals. Some errata are given at the end of the 
introduction. 

Yol. ii. — T. I. Table of all the simple divisors of numbers below 102,000 
(2, 3, and 5 excluded) ; a, h, c, d arc printed for 11, 13, 17, 19, to save room. 
This is followed by primes from 102,000 to 400,000. Ciiernac (§ 3, art. 8) 
found 39 errors in this table : see his preface. 

T. TI. Hyperbolic logarithms of numbers to 1000, and of primes from 1000 
to 10,000, to 8 places. 'This table is follow^ed by the first 45, 36, and 27 
powers of 2, 3, and 5 respectively. 

T, III. gives 6'^ and Briggian log (the former to 7 figures, the latter to 7 
places), from .r=0*00 to .r= 10*00 at intervals of *01. 

T. lY. The first nine powers of numbers from 1 to 1 00, squares from 1 
to 1000, cubes from 1 to 1000, and square and cube roots of numbers from 
1 to 100, to 7 places. 

T. Y. Logistic logarithms, viz. log 3000— log (number of seconds in argu- 
ment), for every second to 1° (=3000"), to 4 places. 

[T. YI.] The first six binomial-theorem coefficients, viz. cv, ~ ^ .... 

from a;=’01 to a7=l’00 at intervals of *01, to 7 places. 

113 113 

This is followed by a page of tables, giving ^ ^ 2 '4 5 ’ 

1 3 

. . . *2^ places, with their logarithms to 7 places. 
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The rest of the book is devoted to astronomical tables and formulae, except 
two remarkable tables at the end (pp. 3G4-371). The first of these [T. VII.] 
is most simply described by stating that it gives the number of shot in a py- 
ramidal pile on a square base, the number n of shot in the side of the base 
being the argument ; the table extends from w=2 to n = 40. There is also 
given the number of shot in a pyramidal pile on a rectangular base, the ar- 
guments being n the number of shot in the breadth of the base, and m the 
number of shot in the top row (so that m-f-n— 1 is the number in the length 
of the base). The ranges are, for n, 2 to 40, and for 2 to 44, the table being 
of double entry. 

[T. VIII.] gives the number of shot in a pyramidal pile on a triangular 
base, the number of shot in a side of the base being the argument, which 
extends from 2 to 40. The other portion of the table is headed ‘‘ Tabula 
pro acervis globorum oblongis, ab utraque extremitate ad pyramides quadri- 
lateras appositis;’^ and the explanation is as follows : 7 ~Suppose we have 
two pyramidal piles of shot on square bases shot on each side) placed 
facing one another, at a distance equal to the sum of the diameters of m shot 
apart ; and suppose it is required to fill this interval up, so as to make a pyra- 
midal pile on a rectangular base, then this table gives the number for n (latus) 
to n=40, and for m (longitudo baseos) to ?w=44, the table being of double 
entry. 

Some errata arc given after the introduction. 

We have seen the third edition (Leipzig, 1812) ; and though we have not 
compared it side by side with the second (here described), we feel no doubt 
the contents are identical ; at all events the number of pages in each volume 
s the same, and the preface is dated 1797 in both. 

Vlacq (Arithmetica Logarithmica), Gouda, 1628, and London, 1631, 
[T. I.] Ten-figure logarithms of numbers from 1 to 100,000, with differ- 
ences. This table occupies 667 pages. 

[T. II.] Log sines, tangents, and seeants for every minute of the quadrant, 
to 10 places, with interscript differences ; scmiquadrantally arranged. This 
table occupies 90 pp. 

In the English copies, by George Miller, there is an English introduction 
of 54 pp., and then follows a table of latitudes (8 pp.). The original edition 
of 1628 has 79 pp. of introduction ; and a list of errata is given, which docs 
not occur in Miller’s copies (but sec ‘ Monthly Notices of the Hoy. Ast. Soc.’ 
t. xxxiii. pp. 452, 456, May, 1873). 

There wore also copies with a Erench titlepage ; and in these there is an 
Introduction in the same language of 84 pp. We suspect that a Dutch edition 
was contemplated, but that the copies of the table intended for this purpose 
afterwards formed Miller’s English edition : no Dutch edition is known to 
exist (see Phil. Mag., May 1873). The titles of the three editions are given 
in full in § 5 ; in all, the tabular portion is from the same type. The bibli- 
ography of this work forms an essential part of the history of logarithms ; and 
a good many of the references occurring in the introductory remarks to § 3, 
art. 13, have reference to it. 

The table of logarithms of numbers contains about 300 errors, exclusive 
of’ those affecting the last figure by a unit ; but a good many of these have 
reference to the portion below 10,000, which need never be used. This is 
still the most convenient ten-figure table there is (Yeoa, fol. 1794, is the only 
other) ; but before use the known errata should bo corrected. Eeferences to 
all the places where the requisite errata-lists arc to bo found are given in the 
< Monthly Notices of the Boy. Ast. Soc.’ for May and June, 1872. We intend, 
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however, in the next Report to give a complete list of errors in the portion 
of the table from 10,000 to 1 00,000. 

We succeeded in obtaining a coi)y of this work after some difEculty ; Mr. 
Merrifield informs us that copies have always .been procurable from abroad 
for about £2, 

Vlacq (Trigonomctria Artificialis), 1033. [T. I.] Log sines and tan- 

gents to every ten seconds of the quadrant, to 10 places, with characteristics 
and differences (not intcrscript) ; semiquadrantally arranged. The table 
occupies 270 pp. 

[T. II.] Ten-figure logarithms of numbers to 20,000, with differences, 
printed from the same type as that used in tlio ^ Arithmetica ’(1028 and 1031) 
(except the last 500). A list of errata is given on the last page. The trigo- 
nometry &c. at the beginning occupies 52 pp. See § 3, art, 15 (introductory 
remarks), and also Yega (fol.), 1794. 

Vlacq, 1081. J’his is one of the numerous small editions called after 
Ylacq, on the Gcllibrand modd. The contents, shape of type, &c. are exactly 
the same as in Hej^tscuen (Ylacq), 1757, §4, except tliat in the latter the 
“whites ’’are rather wider. The jninted portion of the page of tables is 
3| in. by 5| in. There are 48 pp. of trigonometiy &c. in Latin. No name 
except Ylacq’s appears in connexion with the work. 

[T. I.] Natural sines, tangents, and secants, and log sines and tangents 
for every minute, to 7 places. 

[T. II.] Logarithms of numbers from 1 to 10,000, arranged consecutively 
in columns, to 7 places ; no differences. 

In one of the copies wo have seen there arc several errors corrected in 
manuscript. This edition must be rather common in England, as wo have 
seen several copies. 

Wackerbarth, 18G7. T. I. Eivc-figuro logarithms (arranged as in 
seven-figure tables) to 100, and from lOUO to 10,000, with proportional 
parts to tenths (7 e. multiples of the differences). The degrees, minutes, &c. 
corresponding to eight numbers on the page arc given at the bottom of each. 
At the end of this table there arc added seven-figure logarithms of numbers 
from 10 to 100, and also from 10,000 to 11,000, tlic latter with proportional 
parts to tenths. 

T. IL Log (1.2.3,,..^) for .r=l, 2,. . . . 100 ; log (1 . 3. 5. . . . for 
a?=l, 3, 5 . . . . G5 ; log (2 . 4 . G ... .a?) for a7=2, 4, G . . . . GG : all to 5 places* 

T. III. Log sines and tangents for every second from O' to 1 0' ; log sines and 
tangents for every ten seconds from 0° to 5° ; log sines and tangents for every 
minute of the quadrant : all to 5 places. Differences are added throughout, 
and also proportional parts to tenths (i. e. multiples of the differences) for every 
second to 5°, and for every 10 seconds in the other portion of the table. 

T. lY. Circular measure of 1°, 2^, . . . . 180% of 1', 2', . . . . GO', and of 1", 
2"f .... 60", to 5 places. Some constants, such as the unit arc, its logarithm 
&c., are added. 

T. Y. Hyperbolic logarithms of numbers from 1 to 1010, to 5 places, with 
proportional parts to tenths, arranged as in seven-figure tables of Briggian 
logarithms ; followed by the first hundred multiples of the modulus and its 
reciprocal, to 5 places. A few constants, tt, &c., are given, to 30 places* • 

T. YI. Squares of numbers from 1 to 1000. 

T. YII. Square roots (to 7 places) of numbers from 1 to 1000. 

T. YIII. Natural sines, cosines, tangents, and cotangents for every 10' 
to 5^, thence for every 20' to 15% and thence to 45° at intervals of 30', to 3 
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T. TX. Ucciprocals (to 7 places) of numbers from 1 to 1010. 

T. XYII. List of primes to 1 063. 

T. XXI. gives some constants. 

The other tables are chemical &c. 

This is one of the most complete livc-figuro tables wo have seen. Tho 
change in the leading figures, where it occurs in the middle of a lino, is 
throughout denoted by an asterisk prefixed to the third figure of all tho 
logarithms affected. It may be remarked that though tho introduction <&:c. is 
in Swedish, the headings of the tables are in Latin. 

A list of four errata in tho tables is given by Prof. Wackerbarth himself 
in tho ‘ Monthly Notices of the Itoyal Astronomical Society,’ t. xxxi. No. 9 
(Supplementary Number, 1871). 

"Wallace, 1815. [T. 1.] Bix-figure logarithms to 100, and from 1000 to 

10,000, with differences. 

[T. II.] Log sines, tangents, and secants to every minute of tho quadrant, 
to 6 places, with differences. 

[T. III.] Natural sines to every minute of the quadrant, to 5 places. This 
is followed by a traverse table. 

Tho tables arc preceded by 148 pp. of trigonometry &:e. 

W'amstorff’s Schumacher, 1845. Out of 22 L i)ages, only 21 
(pp. 110-120 and 200-221) come within the scope of this Tleport. 

[T. I.] Lor the conversion of arc into time, and vice versa. 

[T. II.] Tho circular measure of 1°, 2-,. . ..90^ 95°. . . .120°, 130°. . . . 
360°, of 1', 2'. . . . 60', and of 1", 2", .... 60", to 7 places. 

[T. III.] Four-figure logarithms to 1009. 

[T. lY,] Log sines, cosines, tangents, and cotangents at intervals of 4' 
to 10°, and thence to 45° at intervals of 10', to 4 places. 

[T. Y.] (jaussian logarithms; B and C are given for argument A from A = 
*00 to 1-80 at intervals of *01, and thence to 4*0 at intervals of *1, to 4 places, 
with differences. 

The other tables arc astronomical. 

Willich, 1853. T. XX. {Seven -figure logarithms to 1200, followed by a 
few constants, &c. 

T. XXI. Squares, cubes, square and cube roots (to 7 places), and reci- 
procals (to 9 places) of numbers to 343, followed by some constants. 

T. A. Hyperbolic logarithms of numbers from 1 to 1200, to 7 places. 

T. B. Natural and log sines, tangents, secants, and versed sines, for every 
half degree, to 7 places. 

T. C. Circumferences and areas of circles for a given diameter, viz. ttd 
(to 5 places) and (to 2 jdaces) for (?=!, 2, . . . . 9, and from c?=l to 
100 at intervals of *25. 

T. D. Circular measure of 1°, 2°, .... 1 80°, to 7 places. 

The other tables in the work are of a very varied character. 

We have also seen the second edition (1852), which does not contain the 
tables A to D ; and we nave seen a review of the seventh edition, edited by 
M. Marriott, 1871. 

§ 5. List of works containing Tables tfiat are described in this Report ^ with refer* 
ences to the section and article in which the description of their contents is 
to be found. 

[Those works to which an asterisk is prefixed have not come under thO 
inspection of the reporter ; and the description of their contents is therefore 
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derived from some secondhand source. The author’s name is enclosed within 
square brackets when it does not occur on the titlepage of the work. For other 
explanations see § 2, arts. 4-14, and § 6 (Postscript), arts. 2-4, 8, 10-12.J 

AcADfiMTE Royale . . . de Prusse, Publie sous la direction de P, Recueil 
de Tables Astronomiques. Rerlin, 1776. 3 vols. 8vo. § 4. 

Adams, John. The Mathematician’s Companion, or a Table of Logarithms 
from 1 to 10,860 . . . London, 1796. 8vo. § 4. 

Airy, G. B., Computed under the direction of; Appendix to the Greenwich 
Observations, 1837. London, 1838. 4to. § 3, art. J5. 

Alstedius, J. H. Scientiariim omnium cnc 5 ^clopaDdi£e tomus primus . . . 
Lugduni, 1649 (2 vols. foL). § 3, art. 4. 

Andrew, James. Astronomical and Nautical Tables, with Precepts . . . 
London, 1805. 8vo (pp. 263). § 4. 

Anonymous. Multiplicationstabelle, enthaltcnd die Producto aller ganzen 
Factoren von 1 bis 1000, mit 1 bis 100. Kopeiihagen, 1793. 4to (pp. 247 ; 
and introduction, pp. 8). § 3, art. 1. 

Anonymous. Tables de Multiplication . . . Paris, 1812. § 3, art. 1. 

Anonymous. Tafel logistischer Logarithmen. Zugabe zii den Vega-Hiils- 
se’sehen und anderen Logarithmen- Tafeln. A ns Callct’s Tables de Loga- 
rithraes.” Niimberg. Yerlag von Riegel & Wiessner, 1843 (table, 7 pi>.). 
§ 3, art. 18. 

Anonymous (1844). Sec Sheepshanks. 

Anonymous. Logarithmen. Antilogarithmen. Berlin. [On a card, 1860 ?] 

§ 4 . 

Auxiliary Tables. See [Schumacher.] 

Babbage, Charles. Table of the Logarithms of the Natural Numbers from 
1 to 108000. ,. Stereotyped. Fourth impression. London, 1841 (202 pp. and 
explanations &c. xx). § 3, art. 13. 

[The 1838 edition (or rather tlrage) has the following notice of errata 
contained in it, on the back of the titlcpagc : “ In the logarithms of 10354, 
60676 to 9, 70634 to 9, and 106611 to 9, the fourth figures ought to bo 
small instead of large. In the list of constants the last figure of the value 
of e should be 8 instead of 9.” The tables were stereoty 2 )C(l from their first 
publication in 1827. Mr. W. Barrett Davis has called our attention to the 
number of last- figure unit errors in the portion of the table beyond 100,000 ; 
thus on p. 192 there are no less than fifteen such errors which are corrected 
in more recent works, such as Schron and Kohler. This portion of the 
table Babbage copied from Callet.] 

Babbage Catalogue. Mathematical and Scientific Library of the late 
Charles Babbage of No. 1 Dorset Street, Manchester Square. To be sold by 
Private Contract. . . . Printed by C. F. Hodgson and Son, Gough Square, 
Fleet Street [London], 1872. [The catalogue was drawn up by Mr. Robert 
Tucker, M.A., Honorary Secretary of the London Mathematical Society; and 
the library was purchased by Lord Lindsay.] 

Bagay, Y. Nouvelles Tables Astronomiques et Hydrograpliiques .... 
Edition stereotype. . . Paris, Firmin Didot, 1829. Small 4to. § 4. 

Barlow, Peter. New Mathematical Tables containing the factors, squares, 
cubes, square roots, cube roots, reciprocals, and hyperbolic logarithms of all 
numbers from 1 to 10,000, . . . London, 1814. 8vo (pp. 336, and intro- 
duction Ixi). § 4. 

Barlow’s Tables of Squares, Cubes, Square roots, Cube roots, Reciprocals 
of all integer numbers up to 10,000. Stereotype edition, examined and cor- 
rected. (Under the Superintendence of the Society for the Diffusion of Usefu 
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Knowledge.) London, 1851, from the stereotyped plates of 1840, 8vo (pp. 
200). § 3, arts. 4 and 7. 

Bates, David. Logarithmic Tables, containing the logarithms of all num- 
bers from 1 to 10 000, together with . . . Dublin, 1781. (63 pp. of tables, 

introduction ccxi pp., and appendix 60 pp.) § 4. 

Beahdmore, Kathaniel. Manual of Hydrology : containing . . . London, 
1862. 8vo (pp. 384). § 4. 

Bernoulli, John. A Sexcentenary Table . . . Published by order of the 
Commissioners of Longitude. London, 1770. 4to (pp. 165 ; and intro- 
duction, viii). § 3, art. 9. 

Berthoud, F. Les Longitudes par la mosurc du temps . . . Paris, 1775. 
Small 4to (34 pp. of tables). § 3, art. 15. 

Bessel. See [Schumacher.] 

Beverley, Thomas. The Mariner’s Latitude and Longitude Ready-com- 
puter . . . Cirencester(nodate ; but Appendix dated 1833). 4to(pp. 290). §4. 

Blanchard. See Gardiner (Avignon edition, 1770). 

Bonnycastle, John. An Introduction to Mensuration .... The fifteenth 
edition . . . London, 1831. Small 8vo. § 3, art. 22. 

Borda, Ch. Tables trigonometriques dccimales ou Tables des logarithmes 
. . . revues, augmenteos et piibliees, par J. B. J. Delambre. Paris, An ix. 
[1800 or 1801J. Small 4to. § 4. 

Bowditch, K. The improved Practical Navigator ; ... to which is added 
a number of new Tables .... Revised, recalculated and newly arranged by 
Thomas Kirby. London, 1802. 8vo. § 4. 

Bremiker, C. Tafel der Proportional theile zum Gebrauchc bei logarith- 
mischen Rechnungen mit besondercr Beriicksichtigung der Logarithmentafoln 
V07i Callet und Yega. . . Berlin, 1843. 8vo (pp. 127). § 3, art. 2. 

Bremiker, C. Logarithmorum VI decimaliiim nova tabula Berolinensis . . . 
Berolini, 1852. 8vo. § 4. 

Bremiker’s Y EGA. See Y eg a (1857). 

Bremiker. See Crelle (1864). 

Bretschneider, C. a. Produk ten tafel enthaltcnd die 2, 3 .... 9 fachen 
aller Zahlen von 1 bis 100 000. Hamburg und Gotha, 1841. 8vo (pp. 110). 
§ 3, art. 1. 

Brigge, H. Tables des Logarithmes . . . 1626. Sec under de Decker, 
1626, § 4. 

[Briggs, Henry.] Logarithmorum Chilias Prima. [London, 1617.] Small 
8vo (pp. 16). § 3, art. 13. 

Briggs, Henry. Arithmctica logarithmica sive logarithmorum chiliadcs 
triginta, pro numeris naturali scrie crescentibus ab imitate ad 20,000 : et a 
90,000 ad 100,000. Quorum ope multa perficiuntur Arithmetica problemata 
et Geometrica. Hos numcros primus invenit clarissimus vir lohannes Nepe- 
ms Bare Merchistonij ; cos autem ex eiusdem sententia mutavit, eorumque 
ortiim et usum illustravit HenricusBriggius, in celeberrim a Academia Oxoniensi 
Gcom( 4 ;ria 3 professor Savilianus. Deus nobis usuram vitm dedit et ingenii, 
tanquam pecuniae, nulla praestituta die. [Royal arms, I. R.] Londini, Ex- 
cudebat Gulielmus lones, 1024. folio (preface &c. 6pp., trigonometry 88 pp. ; 
tables unpaged). § 3, art. 13. 

(Some copies of this work were also published in 1631, with the same title- 
page as Ylacq’s Logarlthmicall Arithmetiice, See § 3, art. 13.) 

Briggs, Henry. Trigonometria Britannica ; sive de doctrina triangulorum 
libri duo. Quorum prior continet Constructioncm Canonis Sinuum Tangen- 
tium & Secantium, una cum Logarithmis Sinuum & Tangentium ad Gradus 
1873. ^ 
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& Graduum Centesimas & ad Minuta & Sectinda Ccntcsimis respondentia : A 
Clarissimo Doctissimo Integerrimoquo Viro Domino Henrico Briggio Goomo- 
trisD in Celeberrima Academia Oxoniensi Professore Saviliano Dignissimo, 
panlo ante inopinatam Ipsius e terris emigrationem compositus. Posterior 
ver6 nsum sive Applicationem Canonis in llesolutione Triangulorum tarn 
Planorum qiiam Sphajricorum o Geometricis fundamontis petita, calculo facil- 
limo, eximiisque compendiis exhibet : Ab Henrico Gellibrand Astronomiai in 
CoUegio Greshamensi apud Loiidincnscs Professore constructiis. [Tlicn follow 
a quotation of three lines from Yieta and a diagram showing the trigonome- 
trical functions.] GoiidaD, Excudebat Petrus Ilammasenius. in.nc.xxxiii. 
Cum Privilegio. folio. (Dedication to tho Electors to the Baviliaii Chairs, 
Gellibrand’s preface, and 110 pp. of trigonometry &c., followed by one page 
containing errata to the page signature /. 3 of the tables ; the tables are 
unpaged.) § 3, art. 15. 

Bbiggs. See Sherwin, 

Brown. Sec Wallace. 

Browne, Egbert. A new improvement of tho Theory of the Moon .... 
London, 1731. Small 4to (pp. 14). § 3, art. 25. 

Bruhns, Dr. A new Manual of Logarithms to seven places of Decimals .... 
Stereotype edition. Bernhard Tauchnitz, Leipzig, 1870. 8vo(pp. GIG, and 
introduction xxiii). § 4. 

Bruno, Paa be. Traite elementaire du Calcul des Errenrs avee des Tables 
stereotypees . . , Paris, 18G9. 8vo (41 pp. of tables). § 3, art. 4. 

Burckhardt, J. Ch. Tables des Diviseiirs pour tons les nombres du deuxiemo 
million . . . Paris, 1814. 4to (pp. 112 and viii). § 3, art. 8. 

Burckharbt, J. Ch, Table des Diviseurs pour tons les nombres du troisieme 
million . . . Paris, 1816. 4to (pp. 112). § 3, art. 8. 

Burckhardt, J. Ch. Table des Diviseurs pour tous les nombres du premier 
million . . . Paris, 1817. 4to (pp. 114, and preface &c. 4 pp.). § 3, art. 8. 

*BtrRGER, J. A. P. Tafcl zur Erleichterung in Eechnungen &c. 1817. See 
under Centnerschwer, 1825, § 3, art. 3. 

Byrne, Oliver. Practical, short, and direct Method of calculating tho 
liOgarithm of any given dumber, and the Humber corresponding to any given 
Logarithm, discovered by Oliver Byrne . . . London, 1840. 8vo (pp. 82, and 
introduction xxiii). § 4. 

Byrne, Oliver. Tables of Dual Logarithms, Dual Humbers, and corre- 
sponding Natural Numbers ; with proportional parts of differences for single 
digits and eight places of decimals . . . London, 1867. Large 8yo (pp. 202, 
and introduction pp. 40). § 3, art. 23. 

Byrne, Oliver. Other works. See § 3, art. 23. 

Callet, Francois. Tables portatives do Logarithmes, eontenant .... 
Edition stereotype, gravee, fondue et imprimee par Eirmin Didot. Paris : 
Pirmin Didot, 1795 (Tirage, 1853), 8vo (pp. G80, and introduction pp. 118). 
§ 4. 

Callet, P. Table of the logarithms of sines and tangents .... ^ Paris, 
1795 (Tirage, 1827). Stereotyped and printed by Pirmin Didot .... 8vo. 
§ 3, art. 15. 

Callet (1843). See Anonymous. 

Centnerschwer, J. J. Neu erfundone Multiplikations- und (Juadrat-Tafeln 
. . , mit einer Vorrede von . . . J. P. Gruson und L. Idelcr. ' Berlin, 1825. 
8vo (45 pp. of tables, and introduction Iv). § 3, art. 3. 

Chebnac, Ladislaus. Cribrum Arithmeticum ; sive tabula continens nu- 
meros primes . , • Daventrice, 1811. 4to (pp. 1020). § 3, art, 8. 
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^Cloxtth, F. M. Tables pour'lo Calcul des CoordonBees gonloinetriques, 
Mayen (chez Fauteur). 8vo. § 3, art. 10. 

OoiiEMAN, GEOEaE. Lunar and Nautical Tables .... Stereotype edition. 
London, 1846. 8vo (317 pp. of tables). § 4. 

Ceelle, a. L. Erloicbterungs-Tafel fiir jeden, der zu rechnen hat ; enthal- 
tond die 2, 3, 4, 5, 6, 7, 8, und 9 fachen aller Zahlen von 1 bis 10 Millio3icii 
. * . Berlin, 1836. (pp. 1000 and explanation xvi.) § 3, art. 1. 

Ceelle, A. L. Eechcntafeln wclcho alles MultipUciren und Dividiren mifc 
Zahlen unter Tausend ganz erspareii . . . Zweite Stereotyp-Ausgabe . . . von 
Dr. C. Beemiker. Berlin ; Georg Beimer, 1864. Folio (pp. 450). [There is 
also a French titlepage.] Also edition of 1820, in two vols. 8vo. § 3, art. 1. 

Croswell, William. Tables for readily computing the Longitude .... 
Boston, 1791. 8vo. § 4. 

Dase, Zacharias. Tafel der natiirlichen Logarithmeii der Zahlen. In 
der Form und Ausdehnung wio die der gewbhnlichen odcr Brigg’sehen 
Logarithmeii.. . Wien, 1850. 4to (pp. 195). § 3, art. 16. 

Base, Zacharias. Factoren Tafelii fiir alio Zahlen der Siebonteii Million 
. .. Hamburg, 1862. 4to (pp. 112). § 3, art* 8. 

Base, Zacuarias. Factoren Tafeln fiir alle Zahlen der Achten Million.. . 
Hamburg, 1863. 4to (pp. 112). § 3, art. 8. 

Baieie, Zacharias. Factoren- tafeln fiir Zahlen dor Neunten Million., 

erganzt von Br. H. Bosenberg. Hamburg, 1865. 4to (pp. 110). § 3, art. 8, 

Bechales (Cursus Mathematicus). § 2, art. 3. 

Be Decker. Nieuwo Telkonst, inhoudende de Logarithmi voor de Ghetallen 
beginnende van 1 tot 10000. . . Boor Ezecuiel de Becker, Bekenmeester, 
ende Lantmeter residerente ter Goude . . . Ter Goude. By Pieter Bammaseyn 
. .. 1626. 8vo (260 pp. of tables, and introduction pp. 50 + > (copy imper- 
fect)). [Be Haan gives 51 as the number of pp. in the introduction, ‘Phil. 
Mag.’ May, 1873]. § 4. 

Begen, C. F. Tabularum ad fadliorem ct breviorem Probabilitatis com- 
putationem utilium Enneas .... Havnise, 1824. 8vo (pp. 44, and intro- 
duction xxii). § 4. 

Be Haan (lets over Logarithmentafels). § 3, art. 13 (p. 55). 

Be Joncourt. See Joncourt. 

Be la Lanre. See Lalanrb. 

Belambbe. See Borda. 

Be Mendoza. See Bios. 

Be Monteerrier. See Montferrier. 

[Be Morgan, A.]. Tables of Logarithms (Under the Bupcrintendenco of 
the Society for the Diffusion of Useful Knowledge). London, 1854. From 
the stereotyped plates of 1839. Small 8vo (pp. 215). § 4. 

Be Morgan, A. Encyclopedia Metropolitana. Pure Sciences, vol. ii. 
(Theory of Frohahilities), London, 1843. § 3, art. 25. 

Be Morgan (Article on tables in the Penny and English Cyclopedias and 
* Arithmetical Books ’). § 2, art. 3. 

Be Morgan. See Schron (1865). 

Be Prasse. Tables logarithmiques, pour lea nombres, les sinus ct les 
^ngontes, disposees dans un nouvel ordre . . , Accompagneo do notes et d’un 
avertissement par M. Halma. Paris, 1814. 12mo (pp. 80). § 4. 

Dessioxt. See J. H. Moore. 

Billing, J. M. Probeschiift eines leichtfassliohen logarithmischen Sys- 
^ma , fiir Burger tind Landschulen * . . . Leipzig, 1826. 12mo (pp. 63), 
§ 3, art. 1. 
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Dodson, James. The Antilogaritlimic Canon .. . London, 1742. folio. §3, 
art. 14, 

Dodson, James. The Calculator : being correct and necessary tables for 
computation. Adapted to Science, Business, and Pleasure .... London, 1747. 
Large 8vo (pp. 174). § 4. 

Domke, r. Nautische astronomische und logarithmische Tafeln...fur 
die Koniglich Preussiscben Navigations-Schulen. . . Berlin, 1852. 8vo 
(353 pp. of tables). § 4. 

Donn, Benjamin. Mathematical Tables, or Tables of Logarithms . . . Third 
edition, with large additions. London, 1789. 8vo (pp. 351). § 4. 

Douglas, Geoege. Mathematical Tables, containing the Logarithms of 
[Numbers ; Tables of Sines, Tangents, and Secants .... and Supplementary 
Tables. Edinburgh, 1809. 8vo (pp. 106). § 4. 

Douwes. See under Bowditch, § 4. 

Ducom, P. Cours d’ Observations nautiques, contenant. ..siiivi d’uno col- 
lection des meilleures Tables . . . Bordeaux, 1820. 8vo (296 pp. of tables). § 4. 

Dumas. See Gardiner (Avignon edition, 1770). 

Dunn, Samuel. Tables of correct and concise logarithms for numbers, 
sines, tangents, secants. . . London, 1784. 8vo (pp. 144). § 4. 

Dupuis, J. Tables de Logarithmes a sept decimales d’apres Bremiker, 
Callet, Yega, etc. par J. Dupuis. Edition stereotype .... troisieme tirage. 
Paris, 1868. 8vo (pp. 578). § 4. 

Dupuis. See under Callet, 1853. § 4. 

[Encke j. E.] Logarithmen von vier Decimal-Stellen. Berlin, 1828. 
Small 8vo (pp. 22). § 4. 

Ersch (Litteratur der Mathcmatik). § 2, art. 3. 

Everett, J. D. XJniversal Proportional Table .... William Mackenzie. 
London [no date, 1866]. § 4. 

Earley, Hichaed. Tables of six-figure logarithms . . . Stereotyped edition. 
London, 1840. 8vo. § 4. 

[Earley, B.] Natural versed sines from 0° to 125®, and Logarithmic 
versed sines from 0® to 135®, or 0** to O'', used in computing Lunar Distances 
for the Nautical Almanac. London : Eyre and Spottiswoode, 1856. folio 
(pp.l)0). §4. 

Eauluabee, Johann. Ingenieurs-Schul, Erster Theyl : Darinnen durch 
den Canonem Logarithmicum alle Planische Triangel zur fortification . . . . zu 
solviren . . . Auss Adriano Ylacq, Henrico Briggio, Nepero, Pitisco, Berneck- 
hero . . . gezogen . . . Gedruckt zu Eranckfurt am Mayn . . . 1630. Small 8vo (pp. 
l70) (with an Appendix of 14 pp.). Eollowed by an engraved titlepage. § 4. 

[Eaulhaber, j.] Zehentausend Logarithmi der Absolut oder ledigen Zahlen, 
von 1. biss auff 10000. nach Herrn Johannis Neperi Baronis Mcrchislenii 
Arth und Inuention, welche Heinricus Briggius illustriert, und Adrianus 
Ylacq augiert, gerichtet. Gedruckt zu Augspurg, durch Andream Aperger, 
auff unser lieben Erawen Thor. Anno m.dc.xxxi. Small 8vo (pp. 104). § 4. 

[Eaulhaber, J.]. Canon Triangulorum logarithmicus, das ist : Kiinstliche 
Logarithmische Tafeln der Sinuum, Tangentium und Secantiiim, nach Adriani 
Ylacqs Calculation Bechnung und Manier gestelt. Gedruckt zu Augspurg, 
durch Andream Aperger, auff unser lieben Erawen Thor. Anno m.dc.xxxi. 
Small 8vo (pp. 190). § 4. 

Eelkel, Anton. Tafel aller Einfachen Eactoren der durch 2, 3, 5 nicht 
theilbaren Zahlen von 1 bis 10 000 000. I. Theil. Enthaltend die Eactoren 
von 1 bis 144000. . . . Wien, mit von Ehelenschen Schriften gedruckt, 1776. 
Large folio (pp. 26, and preface, d:c. 4 pp.). § 3, art. 8. 
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Felkel. Sec Lambert. 

Filipowski, Herschell E. a table of Anti-logarithms, containing to seven 
places of decimals, natural numbers, answering to all logarithms from *00001 
to *99999, and an improved table of Gauss’s logarithms. . . . London, 1849. 
8vo (pp. 220, and introduction xvi). § 4. 

Filipowski, H. The wonderful canon of logarithms ... by John IS^apier 
.... retranslated from the Latin text, and enlarged, with a table of hyper- 
bolic logarithms to all numbers from 1 to 1201. By llcrschell Filipowski 
.... Edinburgh, 1857. lOmo. § 3, art. 10. 

Finck. Tliomm Finkii Flenspurgcnsis Geometric rotundi Libri xiv. ad 
Fridcricum Secundum, Serenissimum Banim, & Norvegige regem &c. Cum 
Gratia & Privileg. Cms. Maiest. Basilem i)cr Sebastiainim Henriepotri 115831. 
4to. §3, art. 10. 

Fischer’s Vega. See Vega. 

French Manuscript Tables. See Tables du Cadastre. 

Galbraith, D. The Piece-Goods Calculator, consisting of a series of tables 
. . . Glasgow, 1838. 8vo (pp. 53). § 3, art. 25. 

Galbraith, J. A., and S. Haughton. Manual of Mathematical tables . . . 
London, 1860. Small 8vo (pp. 252). § 4. 

Galbraith, William. Mathematical and Astronomical Tables , . . Edin- 
burgh, 1827. 8vo (112 pp. of tables). § 4. 

Gardiner, William. Tables of Logarithms for all numbers from 1 to 
102100, and for the Sines and Tangents. .. London, 1742. 4to. § 4. 

Gardiner, W, Tables do Logarithmes, contenant les Logaritlimes des 
nombres . . . des sinus & des tangentes . . . Nouvclle edition, Aiigmentee des 
Logarithmes des sinus & tangentes pour chaque seconde des quatre jmemiers 
degres. Avignon, 1770. 4to. (This reprint was edited by Pezenas, Dumas, 
and Blanchard.) § 4, 

♦Gardiner. Paris edition, 1773. § 4. 

Garrard, William. Copious trigonometrical tables. . . .intended to com- 
plete the requisite tables to the Nautical Almanack. . . . London, 1789. 
8vo. § 4. 

Gauss, C. F. Tafel zur bequemern Berechnung des Logarithmen der 
Summe odor Differonz zweyer Grdssen, welche selbst nur durch ihre Loga- 
rithmen gegeben sind. Zach’s ‘ Monatlichc Correspondenz,’ t. xxvi. (pp. 498- 
528). Gotha, 1812. § 3, art. 19. 

G Auss. Carl Friedrich Gauss Werke herausgegeben von der koniglichcn 

Gescllschaft der Wissensebaften zu Gottingen. Still in course of publication : 
4to, t. i. (1863, and ^zweiter Abdruck,’ 1870) ; t. ii. (1863) § 3, aits. 6 and 
7 (introductory remarks) ; t. iii. (1866) § 3, art. 19 (introductory remarks) ; 
and under Be Prasse, IltLssu’s Vega, Pasuuich, Vega (1794) in § 4 &c. 
(t. iii. includes the reprints from the ‘ Astronomische Nachricliten ’ and the 
* Gottingische gelehrte Anzeigen,’ on logarithmic tables.) 

Gellibrand. See Briggs (1633). 

Gellibrand. See John Newton (1658). 

Gernerth (Tract on the accuracy of logarithmic tables). Under Bheticus 
(§ 3, art. 10), and § 3, art. 13 (introductory remarks, p. 55). 

Glaisher, J. W. L. ‘ Monthly Notices of the Eoyal Astronomical Society : ’ 
May, 1872 (On errors in Vlacq’s (often called Briggs’ or Neper’s) table of 
ten-figure logarithms of numbers) ; June, 1872 (Addition to a paper on errors 
in Vlacq’s ten-figure logarithms, published in the last Number of the ‘ Monthly 
Notices ’) ; March, 1873 (On the progress to accuracy of logarithmic tables) ; 
May, 1873 (On logarithmic tables). ‘ Philosophic^ Magazine : ^ October, 
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1872 (Notice respecting some new facts in the early history of logarithmic 
tables) ; December (Supplementary Number), 1872 (Supplementary remarks 
on some early logarithmic tables) ; May, 1873 (On early logarithmic tables 
and their calculators). ‘ Messenger of Mathematics ' (new series) : (July, 
1872 (Pineto’s table of ten-figure logarithms of numbers) ; May, 1873 (Re- 
marks on logarithmic and factor tables, with special reference to Mr. Drach’s 
suggestions). § 3. art. 13 (introductory remarks ; Biuggs, 1617 ; Piketo), 
art. 15 (Gunter), art. 17 (Napier, 1614), § 4, Borda and Delambre, de 
Decker, Hulsse’s Yega, Siiortrede, Yoga, 1794, Ylaco, 1033, &c. 

[Godward, William, Jun.] Interpolation tables used in the Nautical 
Almanac Office. London: Eyre and Spottiswoode, 1857. 8vo (pp, 30). 
§ 3, art. 21. 

Goodwyn, Henry. The first centenary of a scries of concise and useful 
tables of all the complete decimal quotients, which can arise from dividing a 
unit or any whole number loss than each divisor, by all integers from 1 to 
1024. [London, Preface dated 1810]. Small 4to (pp, 18 and introduction 
xiv). § 3, art. 6. 

GoonwYN, Henry. The first centenary of a series of concise and useful 
tables of all decimal quotients, which can arise from dividing a unit, or any 
whole number less than each divisor, by all integers from 1 to 1024. To 
which is now added a tabular series of complete decimal quotients, for all 
the proper vulgar fractions, of which, when in their lowest terms neither the 
numerator, nor the denominator is greater than 100 : with the equivalent 
vulgar fractions prefixed. London, 1818. Small 4to (pp. 18 and 30, and 
introductions xiv and vii). § 3, art. C. 

[Goodwyn, Henry.] A tabular series of decimal quotients for all the 
proper vulgar fractions, of which, when in their lowest terms, neither the 
numerator nor the denominator is greater than 1000. London, 1823. 8vo 
(pp. 153 and introduction v). § 3, art. 6. 

[Goodwyn, Henry.] A table of the circles arising from the division of a 
unit or any other whole number by all the integers from 1 to 1024 ; being 
all the pure decimal quotients that can arise from this source. London, 
1823. 8 VO (pp. 118 and introduction v). § 3, art. 6. 

Gordon, James. Lunar and Time Tables .... for finding the Longitude 
. . London, 1849. 8vo (92 pp. of tables). § 4, 

Graesse (Tresor de livres rarcs). § 2, art. 3. 

Gray, Peter. Tables and formula) for the computation of life contin- 
gencies . . . London, 1849. 8vo (08 pp. of tables). § 3, art. 19. 

Gray, Peter. Addendum to tables and formula) for the computation of 
life contingencies .... Second issue, comprising a largo extension of the prin- 
cipal table .... London, 1870, 8vo (20 pp. of tables) (noticed under the pre- 
ceding work, § 3, art. 19). This title is copied from the wrapper of the 
“Addendum,’’ the titlepago of which is intended to apply to the whole work 
when the “ Addendum ” is included, and runs, “ Tables and formula) for the 
computation of life contingencies .... Second issue, with an addendum, com- 
prising a large extension of the principal table. . . . London, 1870.” 

Gray, Peter. Tables for the formation of Logarithms and Anti-logarithms 
to twelve places ; with explanatory introduction .... London, 1865. 8vo 
(55 pp. of introduction &c. and xi pp. of tables). § 3, art. 13. 

Gregory, Olinthus. Tables for the use of nautical men, astronomers, and 
others ; by Olinthus Gregory, W. 8. B. Woolhouse and James Hann. 
London, 1843. 8vo (pp. 168 and introduction xxiv), § 4. 

Gregory, Olinthus. See Hutton fl858). 
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Gbienbekoer. Elcmenta trigonometrica, id cst sinus tangontes, secantcs 
In Parfcibus Sinus totius 3 00000. Christophori Gricnbergeri E Sooietate lesu. 
Eorum Matbematicarum Opusculum Secundum. [Device — globe with IHS.] 
Romm, Per Hmrcd. Bartliol. Zan. 1630. Superiorum permissu. 12mo (pre- 
face and tables unpaged, trigonometry 88 pp., and 4 pp. of corrections). § 3, 
art. 10. 

Griffin, James, A complete Epitome of Practical l^avigation .... to 
wbich is added an extensive sot of llcquisito tables , . . London, 1843, 
8vo (325 pp. of tables). § 4. 

Gruenberoer, Gruenpekger, or Griembergeb. See Grienbeeoer. 

Gruson, J. P. Pinacothequo, ou collection do Tables d^uno utilitd general o 
pour multiplier ot divisor iiiventees par J. P. Gruson. Aveo uno table do 
tons les facteurs simples do 1 a 10500. Berlin, 1798. 8vo (pp. 418 and 
introduction xxiv). § 3, art. 1. 

Gruson, J. P. Grosses Einraalcins von Eins bis Hunderttausend, Erstos 
Ileft vons Eins bis Zebntausend . . . Berlin, 1799. Largo folio (pp. 42). 
§ 3, art. 1. 

Gruson, J. P. Boquomo logarithmischo, trigonomeirischo und andere 
nutzlicho Tafelu zur Gebraucli auf Scliulcn . . • Dritto vorbeaserto Auflage, 
Berlin, 1832. 8vo. § 4. 

Gruson. See Centnersckwek. 

Gunter, Edmund. Canon Triaugulorum sivc Tabiilm Sinuum ct Tangon- 
tium artificialium ad Badium 10000,0000 & ad scrupula prima quadrautis. 
Per Edm, G cjnter, Professorem AstroiioiniiC in Collegio Grcsbainensi. Londini, 
cxcudebat Gulielmus Jones, mdcxx. Small 8vo (p. 94). §3, art. 35. 

Gunter, Edmund. The works of; . . . with a canon of artificial sines and 
tangents . . . The fifth edition, diligently corrected ... By William Ley- 
bourn, Philomath. London, 1673. Small 4to. § 3, art. 15. 

IEalley. 8ce [Suerwin.] 

Halma. 8eo De Prasse. 

Hann. See Olintuus Gregory (1843). 

Hantschl, JosEDu. Logarithmisch-trigonometriscbes Handbuch . , . Wien, 

1827. Largo 8vo. § 4. 

Hartig, G. L. Kubik-Tabclleii fiir gesclinittcne, boschlageno und runde 
Holzcr . . . und Potcnz-Tabcllen, zur Erlcichterung dcr Zins-Bereebnung . . » 
Dritto Auflage . . . Berlin und Stettin, 1829, 8vo. (pp. 488 and introduc- 
tion xviii). § 4. 

Hassler, E. K. Tabuloo logarithmiem ct trigonometriem, notis septom 
dccimalibus expressm, in forma minima . • • Novi-Eboraci, 1830. 12mo 
[stereotyped] . § 4. 

Hassler, E. E. Logarithmic and trigonometric tables, to seven places of 
decimals, in a pocket form , . . New York, 1830, 12mo [stereotyped], § 4. 

Hassler, E. E. Tables logarithmiques et tiigonometriques h sept deci- 
males, en petit format . . . Nouvolle-York, 1830. 12mo [stereotyped], ^ § 4. 

Hassler, E. E. Logarithmischo und trigonometrischo Tafeln, zu sieben 
Dezimal-Stcllen ; in Taseben-Eormat . . . Ncu-York, 1830. 12mo [stereo- 
typed], § 4. 

Hassler, E. E. Tablas logaritmicas y trigonomctricas para las siete deci- 
males, corregidas . . , Nueva-York, 1830. 12mo [stereotyped], § 4. 

Haughton. See J. A. Galbbaitic. 

Heilbronner, C. Historia Mathesoos Universm . . . Lipsiae, 1742. 4to, 
§ 3, art. 25 ; and see § 2, art. 3. 

Henrion, Denis. Traicte des logarithmes. Par D. Henriou, Professour 
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cs Mathematiquos. [Typographical ornament]. A Paris, chez rAuihour, 
demeurant en Tlsle du Palais, k ITmage S. Michel. M.nc.xxvi. Aucc priuiloge 
du Roy. 8vo (paging begins at 341, and proceeds to 708). § 4. 

Hensel. See HtiLssE^s Vega, § 4. 

Hentschen. Adrian Ylaeq Tabellen der sinuum, tangentium . . . Ncuc 
und verbesserte Auflage von Johann Jacob Hentschen. Eranckfurt und 
Leipzig, 1757. Small 8vo (280 pp. of tables, 48 pp. of trigonometry, &c.). 
§ 4 . 

Herrmann. ^ Vienna Sitziingsbcrichte ’ (Vcrbesscrung der II. Callet’schen 
Tafel). See under Callet, 1853, § 4. 

Herwart ab IIohenbxjrg. Tabulm arithmetica) Hpoffda^o/pedcws Uni- 
versales, qiiarum subsidio numerus quilibet, ex multiplicatione prodiicendus, 
per solam additiouem : et quotiens quilibet, e divisioiie eliciendus, per solam 
subtractionem, sine tsediosa & lubrica Multiplicationis, atqiic Divisionis opc- 
ratione, etiara ab eo, qui Arithmetices non admodiim sit gnariis, exacte, 
celeriter & nullo negotio invcnitiir. E museo loannis Georgii Herwart ab 
Hohenbiirg, V. I. doctoris, ex assessore summi tribiinalis Imperatorii, et ex 
Cancellario supremo serenissimi utriusque Bavariee Ducis, sum screnissimm 
Celsitudinis Consiliarii ex intimis, Prmsidis provintim Scliuabm, & iuclytorimi 
utriusque Bavarim Statuum Cancellarii. Moiiacliii Bavariarum, ex offiedna 
Nicolai Henrici. Anno Christ! m.bc.x. obi. folio (pp. 999 and introduction 
7 pp.). § 3, art. 1. 

Hill, cTohn. Decimal and logarithmical Arithmetic explained . . . with a 
table of logarithms from 1 to 10,000 . . . Edinburgh, 1799. 8vo (pp. 40). 

§ 3, art. 13. 

Hind, J. R. See [Earley] (Versed Sines, 1850). 

Hobeht, Jean Philippe and Louis Ideler. Nouvelles Tables trigonomc- 
triques calculces pour la division dccimale du quart de ccrcle . . . Berlin, 
1799. 8vo (pp. 351, and introduction Ixxii). § 4. 

Hohenburg. See Herwart. 

HotEL, J. Tables de Logarithmes a cinq decimalcs . . . Paris, 1858. 8vo 
(116 pp. of tables, 32 of introduction). § 4. 

HotEL, J. Tables pour la reduction du temps en parties decimales du 
jour . . . Publication der astronomischen Geselischaft, iv. Leipzig, 1800. 
4to (pp.27). § 3, art. 12. 

Hulsse, j. a. See Vega (Sammlung, 1840). 

Hulsse’s Vega. Sec Vega (Sammlung, 1840.) 

• Hutton (Tracts). § 2, art. 3. 

Hutton, Charles. Tables of the Products and Powers of Numbers . . . 
Published by the Commissioners of Longitude. London, 1781. folio (pp. 
103). § 4. 

' Hutton, Charles. Mathematical Tables : containing common, hyperbolic, 
and logistic logarithms. Also sines, tangents, secants, and versed sines . . . 
to which is prefixed a large and original history of the discoveries and writings 
relating to those subjects . . . London, 1785. 8vo (pp. 343 of tables and 170 
of introduction). § 4 (under Hutton, 1858). 

Hutton, Charles. A Philosophical and Mathematical Dictionary ... (in 
2 vols.). vol. ii. London, 1815. 4to. § 3, art. 8. 

Hutton, Charles. Mathematical Tables, . . , with seven additional tabl^Sl^;^. 
0 trigonometrical formulae by Olinthus Gregory ., . New edition. London, 
1858. 8vo (368 pp. of tables). § 4. 

Ideler. See Centnerschwer. 

Ideler, See Hobert. 
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Inman, J*. Nautical Tables, dcsignccl for the use of British Seamen. New 
edition, revised by the Eev. J. W. Inman. London, Oxford and Cambridge, 
1871 . 8vo (445 pp. of tables). § 4. 

Irsbngakth, H. F. Gemciniiiitzigcs Compendium von Quadrat-Fliiclien- 
Tabellen . . . Small 8vo. ilaniiover, 1810 (pp, 148 and xxxvi). § 4. 

JjEgek. See under KrIger, § 8, art. 8. 

Jahn, Gustav Adolpit. Tafelii dor seclisstelligcn Logaritbmen fiir die 
Zablen 1 bis 100 000, fiir die Sinus und Tangeiiten . . , Leipzig. 2 vols. 
vol. i. 1837 ; vol. ii. 1838. 4to (vol. i. pp. 70, and introduction, &c., xvi; 
vol. ii. j^p. 403, and introduction, Ac., viii). There is also a Latin title on 
the same titlcpago. § 4. 

JoNCOURT, F. 1 ) 10 . i)c natura ot pr?cclaro usu siinplicissimnc spcciei nume- 
rorum trigonalium . . . Hngie Comitum, 1702. Very small 4to (pp. 207). 
§ 3, art. 25. 

JuNGE, August. Tafcl dor 'svirklichen Lange der Sinus und Cosinus fiir 
don Eadiiis 1 000 000 und fur alle Winkcl dcs ersten Quadranten von 10 zu 
10 Sccundeii .... iiisbesondcro fiir dic^jenigen, wclchc bei trigonometrischen 
Berechnungen die Tliomas’sehe llechenmaschine benutzen. Leipzig, 18G4. 
Small folio (pp. 00). § 3, art. 10. 

Kastner (Gcschiclite der Matliematik). § 2, art. 3. 

Neitu. Sec CMaynari).] 

Kepler, J. Joannis Kepleri . . . Chilias logarithmorum ad totidem nu- 
mcros rotundos . . . quibus nova traditur Arithmetica . . . Marpurgi, 1624. 
Small 4to (55 pp. of introduction and table unpaged). § 3, art. 18. 

Keeigan, Thomas. The young Navigator s Guide to . . . Nautical Astro- 
nomy . . . London, 1821. 8vo (204 pages of tables). § 4. 

Kirby. See Bowlitcii. 

Kohler, II. G. Jerome do La Landes logarithmische-trigonomctrische 
Tafclii durch die Tafel der Gausschen Logarithmen und andere Tafeln und 
Formeln vermchrt . . . Stcrcotypen-Ausgabe. Fritter Flattcnabdruck . . , 
Leipzig, 1832. 32mo (pp. 254, and introduction xlv). There is also a 
French titlepagc. § 4. 

Kohler, H. G. Logarithmisch-trigonometrisches llandbuch . . . Zweite 
Stereotypausgabe. Leipzig, 1818. 8vo (pp. 388, and introduction xxxvi), 
§4. 

KRtTGER, J. G. Gedancken von der Algebra nebst den Primzahlen von 1 
bis 1 000 000 . . . Halle im Magdcburgischcn, 17 46. 12mo (Algebra pp. 124, 
and the list of jn'inies pp. 47). § 3, art. 8. 

Kulik, Jakob riiiLiPP. Tafeln der (iuadrat- und Kubik-Zahlcn aller 
natiirlichen Zahlen bis Hundert Tausend . . . nach einer neuen Methode bc- 
rechnet . . . Leipzig, 1848. 8vo (pp. 460, and preface vii). § 3, art. 4. 

Lalande, ^Jerome be. Tables do logarithmes pour les nombres et pour les 
sinus . . . Edition stereotype . . . grave'e, fondue ct imprimee, par Firmin 
Fidot . . . Paris, 1805 (tirage de 1816). 16mo. § 4. 

Lalande, Jerome de. Tables de logarithmes par Jerome de Lalande eten- 
dues a sept decimales par F. C. M. Marie . . . precedees d’une instruction . . . 
par le Baron Heynaud. Edition stereotypee . . . Paris, 1829. 12mo (pp. 
204 and introduction xlii). § 4. 

Lalande (Bibliographic Astronomique). § 2, art, 3. 

Lalande. See Kohler (1832). 

Lalande. See Eetnaud. 

Lambert, J. H. Supplemonta tabularum logarithmicarum et trigonome- 
tricarum .... cum versione introdutionis {sic), Gormanica? in Latinum ser- 
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monem, secundum ultima auctoris consilia amplificata, Ciiranto Antonio 
Felkel. Olisipone, 1798. 8vo (pp. 198 and introduction Ixxv). § 4. 

Lambert, J. II. Zusiitso zii den logarithmisclioii und trigoiiometriselicii 
Tabellen, 1770. Seo tlic Simplementa of the same author next above, 
§4. 

Launby, Samuel Linn. Table of Quarter-squares of all integer numbers 
up to 100,000, by which the product of two factors may be found by the aid 
of Addition and Subtraction alone. . . London, 1850. 8vo (pp. 214 and intro- 
duction xxviii). § 8, art. 3. 

Laundy, S. L. a Table of Products, by the fictors 1 to 9 of all numbers 
from 1 to 100,000 . . . London, 1865. 4to (10 pp. of tables and introduc- 
tion vi). § 3, art. 1 . 

Lax, Rev. W. Tables to be used with the Nautical Almanac for finding 
the latitude and longitude at sea . . . London, ]82i. Svo. § 4. 

Lefort, F. Description dcs grandos Tables jogarithmi(]iies et trigonome- 
triques calculees au Jhircaii dii Cadastre, Ac. Annales de rObservatoiro 
Imperial do Paris, t. iv. (1858) pp. [123J-|_150J. § 3, art. 13, under Tables 

DU Cadastre. 

Leonelli. Lconclli’s logarithmischo Supplement, o . . . aus dem Franzd- 
sischen nebst cinigen Zusatzen von G. W. Leoniiarbi . . . Dresden, 1800. 
Small Svo (pp. 88). § 3, art. 19. 

Leonharbi. See Leonellt. 

Leslie, John. The Philosophy of Arithmetic .... with taides for the 
multiplication of numbers as far as one thousand . . . Second edition, im- 
proved and enlarged. Edinburgh, 1820. Svo (pp. 258). § 3, art. 3. 

Littrow, C. L. von. Hiilfs-Tnfeln fiir die Wiener Uni versitiits- Stern warte. 
ZusammengesteUt im Jahre 1837 . . . Svo (])p. 88). § 3, art. 12. 

Ludolf. Tetragonometria tabularia, qua per tabulas qnadratorum Radico 
quadrata 1. usque ad 100 000 . . . Autorc L. Jobo Lubolffo, P. P. Math, 
in Universitate Hicrana ibidemque Senatoro. Amstclodami, 1G90. Small 
4to (introduction, 150 pp., and tables about 420 pp.). § 3, art. 4. 

Lynn, Thomas. Horary tables, for finding the time by inspection . . , 
London, 1827. 4to (300 pp. of tables). § 4. 

Mackay, Andrew. The Theory and Practice of finding the Longitude . . . 
with new tables. In 2 vols,, the third edition, improved and enlarged . . . 
London, 1810. 8vo (vol. ii. contains about 340 pp. of tables). § 4. 

Magini, J. a. Tabula tetragonica sen quadratorum numerorum cum suis 
radicibus ex qua cujuscunque niimeri perquam magni minoris tamen triginta 
tribus notis, quadrata radix facile, minimaque industria colligitur. Venetiis, 
1592. § 3, art. 4, 

Maginus, J. a. ... Do Planis triangulis liber unicus. Do dimetiendi 
ratione . . . libri quinque. Venetiis, 1592. Small 4to (contains the Tabula 
Tetragonica, see Magini above). § 3, art. 4. 

Marie. See Lalande (1 829). 

Marriott, See under Willich, § 4. 

Martin, C. F. Les tables do Martin, ou le rt%ulatcur univorscl .... 
troisi^me Edition. Paris, 1801. Svo. § 3, art. 1. 

Maseres, Francis. The Doctrine of Permutations and Combinations . . . 
together with some other useful tracts . . , London, 1 795. 8vo. § 4. 

[Maskelyne, Nevil.] Tables requisite to be used with the Nautical Ephe- 
meris . . . Published by order of the Commissioners of Longitude. The third 
edition, corrected and improved. London, 1802. Svo (206 pp. of tables, and 
appendix (see next below) 106 pp. of tables). § 4. 
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[Maskelyne, Nevil.] Appendix to the third edition of the Requisite Tables 
. , . [London, 1802]. 8vo (pp. lOG). § 4. 

Maskelyne. See Michael Taylor (1792). 

Massalouf, J. Y. Logarithraisch-trigonometrische Hiilfstafcln . . . Hand- 
buch fiir Geometer, Markscheidcr . . . Leipzig, 1847 (pp. 667 and intro- 
duction xii). § 3, art. 10. 

[Matthiessen, E. a.] Tafel zur bequemem Eercchnung des Logarithmen 
der Summe odor DitFerenz zweyer Ordssen welcho sclbst nur durch ihro 
Logarithmen gegeben Bind. Altona, 1818. Largo 8vo (pp. 212 and intro- 
duction 53). There is also a Latin titlepago. § 3, art. 19. 

[Maynard, Samuel.] A table containing useful numbers often required in 
calculations, together with their logarithms. 8vo (pp. 12, numbered 169- 
180). Erom Templeton’s ‘Millwright and Engineer’s Pocket Companion’ 
[boo title under Temi*leton]. It is stated on the first page that a portion of 
the table had appeared in other publications, and in particular in Keith’s 
< Measurer,’ 24th edit. 1846, ])y the same editor (Maynard). § 3, art. 24. 

Mendoza. See Rios. 

Merfaut, J. M. Tables Arithmonomiques fondees sur le rapport du rect- 
angle au carre, ou lo calcul reduit h son dernier degre do simplification . . • 
Yannos, 1832. 16mo (500 pp. of tables, introduction 40 pp.). § 3, art. 3. 

Michaelis. Bee under Hulsse’s Yega, § 4. 

Minsinger, Prof. Die gemcinon oder Eriggischen Logarithmen der Zahlcn 
. . . Augsburg, 1845. 8vo (31 pp. of tables and introduction &c. vi). § 4. 

Monteerrter, a. B. de. Dictionnairc des sciences mathebnatiques pures et 
appliquecs . . . Tome troisieme (Supplement). Paris, 1840. folio. § 3, art. 13. 

Montucla (Ilistoiro des Mathematiques). § 2, art’. 3. 

[Moore, Sir Jonas.] A canon of the squares and cubes of all numbers 
under 1000. Of the squared squares under 300. And of the square cubes 
and cubed cubes under 200 . . . [London, 1650 ?] § 3, art. 4. 

Moore, Bir Jonas. Excellent Table for the finding the Periferies or Cir- 
cumferences of all Ellcipses or Ovals . . . (no place or date. ? London, 1660). 
1 page folio. § 3, art. 22. 

Moore, Bir Jonas. A now Bysteme of the ]\raihematicks ... In 2 vols. 
Yol. ii. (Tables). Loudon, 1681. 4to (351 pp. of tables). § 4. 

[Moore, Sir Jonas.] A Table of Yersed sines both natural and artificial. 
4to. [London, 1681] (pp. 90). § 4. 

Moore, J. II. The new Practical Navigator ; being a complete epitome 
of navigation, to which are added all the Tables requisite . . . The nineteenth 
edition, enlarged and carefully improved by Joseph Debsioe. London, 1814. 
8vo. § 4. 

Motjton’s sines &c. to every second. Sec Gardiner (Avignon reprint, 1770). 

MtiLLER, J. H. T. Yierstcllige Logarithmen der uatiirlichen Zahlen und 
Winkcl Eunctionem . . . (Preface dated from Gotha, 1844.) 8vo (25 pp. of 
tables). § 4. 

^Multiplication, Tables do . . . Paris, 1812. § 3, art. 1 (Introductory 
remarks). 

Murhard (Bibliotheca Mathomatica). § 2, art. 3. 

Napier. Mirifici Logarithmorum Canonis descriptio, Ejusque usus, in 
utraque Trigonometria ; ut etiam in omni Logistica Matheraatica, Amplissimi, 
EaciUimi, expeditissimi explicatio. Authore ac Inventore, Ioanne Nepero, 
Barone Merchistonii, &c. Bcoto. Edinburgi, Ex ofiicina Andrea) Hart Bib- 
liopoloe, cio.DC.xiv. [On an ornamented titlepago.] 4to (dedication, preface 
&c. 6 pp., text 57 pp., tables 90 pp.). § 3, art, 17, 
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Napier. Mirifici logarithmorum canoiiis constriictio ; Et oorum ad natu- 
rales ipsorum numeros habitudincs ; uii^ cum Appcndice, de alia eaque 
l)r£estantiore Logarithmorum specie condenda. Quibiis accessere Froposi- 
tiones ad triangula sphaorica faciliore calculo rcsolvcnda : Fm\ cum Anno- 
tationibus aliquot doctissimi L. Hcnrici Lriggii, in eas & mcmoratam appen- 
dicem. Auttiorc & Invcntoro loanue Ncpero, Barone Mcrcliistonii, &c. 
Scoto. [Tj'pographical ornament, a thistle.] Edinburgi, Excudebat Andreas 
Hart. Anno Domini 1G19. 4to (preface 2 pp. and text 67 pp.)* § ^^t. 17. 

[The above is a transcri 2 )t of the titlepage of the ‘ Constructio;’ but in the only 
copy of this work that we have seen it is immediately preceded by an ornamental 
titleimge, which, as far as the ornamentation is concerned, is facsimile of that 
of the ‘Descriptio,’ 1614. The letterpress, however, is very different, and runs, 

Mirifici logarithmorum canonis descriptio, Ejusque usus, in utraque Tri- 
gononietria ; ut etiam in omni Logistica Mathcmatica, amplissimi, facillimi, 
& expeditissinii explicatio. Accesscrunt opera posthuma : Trimo, Mirifici 
ipsius canonis constriictio, Logarithmorum ad naturalos i])sorum numeros 
habitudines. (Secundo, Appendix dc alia, eaque pracstantiore Logarithmorum 
specie coiistruenda. Tciiio, Proposi tiones qumdam emineritissimce, ad Tri- 
angula Bphajrica mira facilitate resol ven da. Aiitore ac luventorc loanne 
Nepero, Barone Mercliistonii, &c. Scoto. Edinburgi, Excudebat Andreas 
Hart. Anno 1619.^’ This would imply that the ‘ Descriptio’ and ^ Constriictio’ 
were issued together in 1619 ; and whether this was so or not, it shows that 
such was intended. Some writers speak of a re 2 ;rint of the ‘ Descriptio ’ in 
1619 ; but this title may be all their authorit}’, as few of those who have 
written on the subject seem to have looked beyond the titlepages of the 
works they were noticing. On the other hand, of course, the ‘Descriptio’ may 
have been torn out from the copy before us. Tlie ‘ Constructin’ is a much 
rarer work than the ‘Descriptio;’ we have seen half a dozen copies of the 
latter and but one of the former (Camb. Univ. Lib.). In any case, as 
the leading words of the title of the ‘ Constriictio’ (on the first titlepage) are 

Mirifici logarithmorum canonis descrijitio,” it could only bo distinguished 
from the ‘ DcscrijDtio ’ in most library catalogues by the date 1619. We have 
thought it worth while, since the description in § 3, art. 17 (p. 73), was 
jirinted, to add the first title of the work containing the ‘ Constriictio,’ and to 
jjoint out the uncertainty relating to the reprint of the ‘ Descriptio,’ in hopes 
that some one may settle the matter. The 1619 edition of the ‘Descriptio’ 
(supposing there to have been one of this date) is the only book of importance 
relating to the early spread of logarithms of which we have seen no copy; 
and the question of its publication is almost the only point of bibliography, 
in reference to the tables of this time, that we are obliged to leave undecided 
for the present.] 

Neper, Nepaie, or Nepper. 8ee Napier. 

Newton, John. Trigonometria Britanica {sic) : or, the doctrine of tri- 
angles, In Two Books. . . . The one Composed, the other Translated, from 
the Latine Copie written by Henry Gcllibrand, ... A table of logarithms 
to 100.000, thereto annexed, With the Artificial 8ines and Tangents, to the 
hundred part of every Degree ; and the three first Degrees to a thousand 
parts. By John Newton . . . London : MDCLYIII. fol. (Dedication and 
preface 6 pp., trigonometry 96 pp. ; tables unpaged.) § 4. 

Norie, J. W. a complete set of Nautical Tables containing all that are 
requisite . . . Eighth (stereotype) edition. London, 1836. 8vo (360 pp. of 
tables). § 4. 

Norie, J. W. A complete epitome of Practical Navigation , . . Thirteenth 
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(stereotype) edition, considerably augmented and improved. London, 1844. 
8vo (360 pp. of tables). § 4. 

[We have also seen the ‘‘fourteenth (stereotype) edition. . . .by George 
Coleman,^’ 1848, the “ twelfth (stereotype) edition,’^ 1839, the “ eleventh 
edition,” 1835, all containing 360 pp. of tables — and, besides, an edition of 
1805 containing 252 pp. of tables, in which it is stated that the tables were 
published two years previously under the title “ ISTautical Tables.”] 

Norwooi), Eichari). Trigonometrie, or the Doctrine of Triangles . . . per- 
formed by that late and excellent invention of logarithms . . . London, 1631 , 
Small 4to. § 4. 

Oakes, Lieut.-Col. W. II. Table of the reciprocals of numbers from 1 to 
100,000, with their differences, by which the reciprocals of numbers may bo 
obtained np to 10,000,000. . . London, 1865. 8vo (205 pp. of tables and xii 
of introduction). § 3, art. 7. 

Oakes. Machine table for determining primes and the least factors of 
composite numbers up to 100,000. Dedicated, by permission, to Professor 
De Morgan. By Lieut.-Col. W. H. Oakes. Printed and published by 
Charles and Edwin Layton. . . . London, 1865. § 3, art. 8. 

OrroLZER, Tueodou. Vicrstcllige logarithmisch-trigonomctrische Tafeln, 

. . . Wien, 1866 (pp. 16). § 4. 

Opus Palattnum. See Eheticus. 

Otho. Sec Etieticus (Opus Palatinum). 

OuGHTRED, William. Trigonometrie, or, The manner of calculating the 
Sides and Angles of Triangles, by the Mathematical Canon, demonstrated . . . 
published by Eichard Stokes and Arthur Hanghton .... London, 1657. 
Small 4to. (Trigonometry 36 pp., tables 240 pp.). § 4. 

OzANAM, M. Tables dcs sinus tangentes et secantes ot des logarithmes des 
sinus et des tangentes . . . Paris, 1685. Small 8vo. § 4. 

Parkhurst. Astronomical Tables, comprising logaiithms from 3 to 100 
decimal places, and other useful Tables. By Henry M. Parkhurst. Eevised 
edition. Printed and published by Henry M. Parkhurst (Short Hand Writer 
and Law Eeporter), No. 121 Nassau Street, New York City. 1871. 12mo 
(176 pp. of tables, 66 pp. of formulte, explanations, &c.). § 4. 

Pasquich, Ioannes. Tabulm logarithmico-trigonometricm contractse cum 
novis accessionibus . . . Lipsiac, 1817. 8vo (pp. 228 and introduction xxxviii). 
There is also a German titlepage. § 4. 

Peacock (Arithmetic). § 2, art. 3. 

Pearson, W. An introduction to Practical Astronomy containing Tables 
.... London, 1824. 2 vols. Large 4to. § 4. 

[Pell, J.] Tabula Numerorum Quadratorum decies milliiim,una ciun ip- 
sorum lateribus ab unitate incipientibus & ordine naturali us(iue ad 10 000 
progredientibus . . . London, 1672. 4to (pp. 32). § 3, art. 4. 

Peters, C. E. W. Astronomische Tafeln und Formeln. . . Hamburg, 1871 . 
8vo (pp. 217). § 4. 

Pezenas. See Gardiner (Avignon edition, 1770). 

Phillips, Sir Thomas, Bart. An improved Numeration Table to facilitate 
and extend Astronomical Calculations . . . [London?], 1829. 12mo (pp. 18). 
§ 3, art. 25. 

PiCARTE, E. La Division rMuitc a une Addition, ouvrage approuve par 
PAcademie des Sciences de Paris . . . augmente d’une Table de Logarithmes 
. . . Paris [1861]. 4to (pp. 104 and introduction &e. xvi). § 3, art. 7. 

PiGEi, Giuseppe. Nuove Tavole degli Elementi dei Numeri dalP 1 al 
10 000 .. . Pisa, 1758. 8vo (pp. 195). § 3, art. 8. 
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PruTETO, S. Tables do Logarithmes vulgaircs h dix docimales construitos 
d’apres un nouveau mode . . . S.-Petorsbourg, 1871. Bvo (pp. 50 and intro- 
duction xxiv). § 3, art. 13. 

PiTisciTS. Thesaurus mathematicus Sivc canon siniiupa ad radium 
1.00000.00000,00000. et ad dena qua3quo scrupula scciinda Quadrantis : 
una cum sinibus primi et postremi gradus, ad euiidem radinm, et ad singula 
scrupula secunda Quadrantis : Adjuiictis ubi(|uo difFcrentiis primis ct seeuii- 
dis; atq, ubi res tulit, etiam tertijs. jam oliin quidem incredibili labore & 
sumptu h Georgio Joachimo Rhetico supputatus : at nunc primum in lucem 
editus & cum viris doctis cominimicatns a Partliolomieo Pitisco Gruubergensi 
Bilesio. ciijus etiam accesserunt : I. Principia Sinuum, ad radium, 1 .00000. 
00000.00000.00000.00000. quam accuratissime suppiitata. IT. 8inus dcci- 
morum, triccsimorum & (]uinquagesimorum quorumq ; scnipulorum sccuiido- 
ruraperprima &postrcma35. scrupula prima, ad radium, 1 .OOOOO.OOOOO.OOOOO, 
00000.00. [Typographical ornament.] Praiicofurti Kxciidobat Nicolaus 
Hoffmannus, sumpiibus Jona) Rosa) Anno cio. to. xiii. folio [part of the title 
is printed in red] (preface 5 pp., tables pp. 2-271 , pp. 2-01 , pp. 3-1 5). There 
are four titlcpages altogether, including that to the whole work (coined 
above) ; on the first two the date should be cio. loc. xiii, and not as printed. 
§ 3, art. 10. 

PoGGENDOEFP (Handwortcrbucli). § 2, art. 3. 

Prasse. See De PraSsu. 

Peony. See Tables du Cadastre. See also § 3, art. 13 (introductory 
remarks, p. 54), and § 3, art. IG (introductory remarks, p. (>9). 

Rahn, J. H. Teutsche Algebra, oder Algcbraischc ReclienkunBt . . , Zuriclq 
1659. Very small quarto (pp. about 200). § 3, art. 8. 

Rankine, W. J. M. Useful Rules and Tables relating to Mensuration, 
Engineering, Structures, and Machines . . . London, 1806. 8vo. § 4. 

Rarer, Henry, Lieut, R.N. Tables of logarithms to six places . , . London, 
1846. 8vo (pp. 122 and introduction xi), § 4. 

Rarer, Henry, Lieut. R.N. The Practise of Navigation and Nautical 
Astronomy . . . Sixth Edition. London, 1 857. 8vo (454 pp. of tables). § 4. 

Rees, Abraham:. The Cyclopaedia, or Universal Dictionary of Arts, 
Sciences, and Literature ... In 39 vols. London, 1819. 4to. Vol. xviii. 
Hyperbolic logarithms, § 3, art. 16. Yol. xxi. Logarithms, § 3, art. 13, 
Vol. xxviii. Prime numbers. § 3, art. 8. 

Reisiiammer, EkLix. JVIanuel general pour Ics Arbitrages do Changes . . . 
par Nombres fixes on par Logarithmes , . . suivi dTine Table de Logarithmes 
depuis ljusquii 10400 (et, k I’aidc de la Tables des Difterences, jusqu’a 
104000) . .. Paris. An viii (1800). 8vo (pp. 326 and 131 pp. of tables). 
§ 3, art. 13. 

Requisite Tables. See [Maskelyne.] 

Reuss (Repertorium). § 2, art, 3. 

Reynaud, a. a. L. Trigonometrio . . . troisiemo edition ; snivio dcs tables 
do logarithmes . . . de Jerome do Lalandc. Paris, 12mo, 1818 (203 pp. of 
tables), § 4. 

Reynaud. See Lalande (1829). 

Rheticus. Opus Palatinum do triangulis a Georgio loachimo Rhetico 
coeptum: L. Valentinus Otho Principis Palatini Erideriei IV. Elcctoris 
mathematicus consummavit. An, sal. hum. cio. lo. xcvi. Plin. lib. xxxvi. 
cap. ix. Rerum natura) interpretationem JEgyptiorum opera philosophio^ 
continent. Cum privilegio ctes. majes. folio, 2 vols. [on an ornamented title- 
page]. § 3, art, 10. 
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IItteticxjh. See Pitiscijs. 

lliDBLE, Edwabd. Treatise on Navigation and Nautical Astronomy . . , 
with all the Tables requisite in nautical computations . . . London, 1824. 
8vo (239 pp‘. of tables). § 4. 

Eilev’s Aritlimetical Tables for multiplying and dividing sums to the 
utmost extent of numbers . . . London, 1775. 8vo (x)p. 170 and intro- 
duction xii). § 3, art. 1 . 

Eios, JosEPir T)E Mendoza. A comjdete collection of Tables for Navigation 
and Nautical Astronomy . . . Second edition, improved. London, 1809. 
4to (004 pp. of tables). § 4 . 

Eros, Josfc DE Mendoza y. Coleccion complcta de Tablas para los usos do 
la Navegacion y Astronoinia Naiitica . . . Primora Tirada. Madrid, 1850. 
4to. § 4, 

Eoe, N. TabulaB Logarithmicao, or two tables of logarithm os ... by Na- 
thaniel Eoe, Pastor of P)enacre in Suffolkc . . . IJnto which is annexed their 
admirable use ... by Edm. AVingate, Gent. Lojidon, 1 033. 8vo (preface and 
tables unpaged, the & g . pp. 70, and 10 addit. pp. of tables). § 4. 

Eogg (Bibliotheca Matheraatica). § 2, art. 3. 

Eosendekg. See Ease (ninth million). 

Eouse, William. The Doctrine of Chances, or the Theory of Gaming 
made easy . . . with Tables on Chance, never before published . . , London 
[no date]. 8vo (pp. 350, preface Ac. Ivi). § 3, art. 25. 

EumeePv, C. llandbuch dor SchilTfuhrtskundc niit cincr Sammlung von 
Seemanns-Tafcln . . . ATerte Aullagc. Hamburg, 1844. 8vo (531 pp. of 
tables). § 4. 

Saigey. 8co under Callet, 1853, § 4. 

^Salomon, Jos. AI. Logarithmische Tafeln, ciithaltend die Logarithmen 
der Zahlcii 1-10800, die Logarithmen der Sinusse und Tangcnten von 
Sekunde zu Sekunde, etc. AYicn, 1827. 4to (pp. 4GG and introduction 
xxxviii). Also with French text. • § 4. 

Sang, Edwaiid. Five-place logarithms . . . Edinburgh and London, 1859. 
82mo (pp. 32). § 3, art. 13. 

Sang, Edwaud. A new table of scven^placc logarithms of all numbers from 
20 000 to 200 000 , . . London, 1871. Large 8vo (pp. 3G5). § 3, art. 13. 

Sang, Edwakd. ^Edinburgh Transactions,’ vol. xxvi. 1871. (Account of 
the new table of logaritluns to 200 000). See under Sang, § 3, art. 13, 

SciiEiDEL (Mathematical Eibliograxihy). § 2, art. 3. 

[SenEUTZ, G. and E.] Specimens of Tables ; calculated, Btereomoulded, 
and jirinted by Machinery. London, 1857. 8vo (pp. 50). § 3, art. 13. 

^ScuLoMiLCTT, 0. Fiilifstelligc logarithmische uiid trigonometrische Tafeln. 
Braunschweig. 8vo. § 4. 

Schmidt, G. G. Logarithmische, trigonometrische und andoro Tafeln 
. . . Giessen, 1821. 12mo (pp. 217 and introduction xxii). § 4. 

ScHiioN, Ludwig. Tafeln der drei= und fiinfstclligcn Logarithmen . , , Jena, 
1838. (Small quarto tract, without cover, 20 pp.) § 3, art. 13. 

ScHRON, Ludwig. Siebensielligo gemcino Logarithmen der Zahlen von 
1 bis 108000 und der Sinus, Cosinus, Tangcnten und Cotangenten . . nebst 
ciner Interpolationstafel zur Bereebnung dor Proportionaliheile . . . Stereo- 
typ-Ausgabe. Gesammt-Ausgabo in drei Tafeln. Braunschweig, 1860. Large 
8vo (pp. 550). § 4. 

ScHKoN, Ludwig. Seven-figure logarithms . . , Fifth edition, corrected 
and stereotyped. With a description of the tables added by A. de Morgan • . • 
London and Brunswick, 1865. 8vo. § 4. 
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Schulze, Johann Carl. Kcue imd erwcitertc Sammlung logaritlimischer, 

trigonometrisclier und anderer Tafcln. Ecrlin, 1778. 2 vols. 870 (each 

about 300 pp.). There is also a French titlepage. § 4. 

Schulze. See Acad£mie Eoyale de Prusse, § 4. 

Schumacher, H. G. Sammlung von Hiilfstafeln herausgegeben im Jahre 
1822 von H. G. Schumacher. Neu herausgegeben und vermehrt von G. H. 
L. Warnstorff. Altona, 1845. 8vo (pp. 221, and 31 pp. of explanation in 
French). § 4. 

[Schumacher.] Auxiliary Tables for Mr. Bessel’s method of clearing the 
Distances. 8vo (pp. 91). |Ko editor’s name, date, or place.] § 4. 

ScHWEiGGER- Seidel (Litteratur der Mathematik). § 2, art. 3. 

Si:GUiN, M. Manuel d’ Architecture ou Principcs des Operations primi- 
tives de cet Art .... Get ouvrage est termine par une table des quarres et des 
cubes, dout les racines commencent par Tunite, et vont jusqu’^ dix mille. . . . 
Paris, 1786. 8vo (the table occupies 100 pp.). § 3, art. 4. 

Shanks, Willtam. Contributions to Mathematics, comprising chiefly the 
E-ectification of the Circle to 607 places of decimals . . . London, 1853. Printed 
for the Author. 8vo (pp. 95). § 4. 

[Sharp, Abraham.] Geometry Improv’d. 1. By a large and and accurate 
table of segments of circles. . . .with compendious tables for finding a true 
proportional part . . . exemplify’d in making out Logarithms or natural numbers 
from them, true to sixty figures, there being a table of them for all primes to 
1100, true to 61 figures. 2. A concise treatise of Polyedra. . . . By A. S. 
Philomath. . . . London, 1717. Small 4to (pp, 136). § 4. 

Sharp. See Sherwin. 

Sheepshanks, 11. Tables for facilitating Astronomical Bcductions. London, 
1846. 4to. § 4. (Also Anonymous, 1844). § 4. 

[Sherwin, Henry.] Sherwin’s Mathematical Tables, contriv’d after a 
most comprehensive method. . . . The third edition. Carefully revised and 
corrected by William Gardiner. London, 1741. 8vo. § 4. 

Shortrede, IloBEKT. Compciidious Logarithmic Tables .... Edinburgh, 
1844. 8vo (pp. 10). § 4. 

Shortrede, Egbert. Logarithmic Tables to seven places of decimals 
containing.... Edinburgh, 1844. Large 8vo (pp. 829, and introduction, 
pp. 39). § 4. Also 1 849 (2 vols.). See next title. 

Shortrede, Egbert. Logarithmic Tables : containing logarithms to num- 
bers from 1 to 120,000, numbers to logarithms from *0 to 1*00000, to seven 
places of decimals ; . . . . Edinburgh, 1849. 8vo (pp. 208 and preface xxv). 
This is the title of the first volume; that of the second is, “Logarithmic 
Tables to seven places of decimals, containing logarithmic sines and tan- 
gents to every second of the circle, wdth arguments in space and time . . . ’^ 
Edinburgh, 1858 (pp. 602 and preface pp. 2), 8vo. The two volumes seem 
to have been regarded as separate works, as the book is not stated to bo in 
2 vols ; nor are they called vol. i. and vol. ii. § 4, under Shortrede, 1849. 

SoHNKE (Bibliotheca Mathematica). § 2, art. 3. 

Speidell, J. jSTcw logarithmes. the First inuention whereof, was, by the 
Honourable Lo : lohn Nepair Baron of Marchiston, and Printed at Edinburg 
in Scotland, Anno : 1614. In whose vse was and is required the knowledge 
of Algebraicall Addition and Subtraction, according to -f and — These being 
Extracted from and out of them (they being first ouer scene, corrected, and 
amended) require not at all any skill in Algebra, or Cossike numbers, But 
may be vsed % euery one that can onely adde and Subtract, in whole numbers, 
according to the Common or vulgar Arithmeticke, without any consideration 
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or respect of -f and — [Typographical ornament] By lohn Speidell, pro- 
fessor of the Mathematickes ; and are to bee solde at his dwelling house in 
the Fields, on the backe side of Drury Lane, betweene Princes streete and the 
new Playhouse. [Erasure in ink.] 1619 (unpaged, pp. 90 and titlepage), 
§ 3, art. 16. 

3TAN8BURY, Daniel. Tables to facilitate the necessary Calculations in 
l^autical Astronomy. . . .New York, 1822. 4to (337 pp. of tables). § 4. 

[Steomann, F.] Tafel der fiiufstelligen Logarithmen urid Antilogarithmen. 
Marburg, 1855. § 4. 

*Steomann. Tafel der naturlicher Logarithmen. Marburg, 1856. § 4. 

Steinberger, a. Tafel der gemeiiien oder Brigg’schen Logarithmen aller 
Zahlen von 1—1 000 000 mit fiinf und beliebig sieben Decimalstellen .... 
Eegensburg, 1840. 8vo (pp. 05). § 3, art. 13. 

Tables du Cadastre, calculated under the direction of Prony (manu- 
script). § 3, art. 13. 

Taylor, Janet. Lunisolar and Horary Tables, with their application in 
Nautical Astronomy. . . . London, 1833. 8vo (pp. 232). § 4. 

Taylor, Janet. An Epitome of Navigation and Nautical Astronomy, 
with the improved Lunar Tables .... London, 1843. 8vo (320 pp. of 
tables). § 4. 

Taylor, Michael. A Sexagesimal Table .... and the Sexagesimal Table 
turned into seconds as far as the 1000th column .... Published by order of 
the Commissioners of Longitude. London, 1780. 4to (pp. 316 and intro- 
duction xlv) § 3, art. 9. 

Taylor, Michael. Tables of logarithms of All numbers, from 1 to 101000, 
and of the sines and tangents to every second of the quadrant .... With 
a preface. . . .by Nevil Maskelyne. . . . London, 1792. Large 4to (about 
600 pp.). § 4. 

Templeton, W. The Millwright and Engineer’s pocket Companion . . . 
corrected by Samuel Maynard: London, 1871. 8vo. (Noticed under [May- 
nard], § 3, art, 24). 

Thomson, David. Lunar and Horary Tables .... Forty-fourth edition. 
London, 1852. 8vo (218 pp. of tables). § 4. 

Todd, Charles. A series of Tables of the Area and Circumference of 
Circles ; the Solidity and Superficies of Spheres ; the Area and Length of the 
Diagonal of Squares. . . . Second edition. London, 1853. 8vo (pp. 114). 
§ 3, art. 22. 

Trotter, James. A Manual of Logarithms and Practical Mathematics. . . . 
Edinburgh, 1841. 8vo (82 pp. of tables). § 4. 

Ttjrxish Table of Logarithms &c. [BulakJ 1250 [1834], 8vo (pp. 270). 
§4. 

Ursin. See G. F. Ursinus. 

Ursinhs, B. Beni. Ursini Mathematic! Electoralis Brandenburgici Trigo- 
nometria cum magno logarithmor. Can one Cum Privilegio Colonim Sumptib. 
M. Guttij. tipijs G. Rungij descripta CD DCXXV (sic). (This is the title of 
the volume, and is printed on an ornamented titlepage.) The trigonometria 
occupies 272 pp. ; and then follows the Canon, unpaged, with a fresh title- 
page. “Benjaminis Ursini Spottavi Silesi .... Magnus Canon triangulorum 
logarithmicus ; ex voto &[> consilio Illustr. Neperi, p. m. novissimo, Et sinu 
toto 100000000. ad scrupulor. sccundor. decadas usq; vigili studio & perti- 
naci industrid diductus . . . Colonise. Typis Georgij Rungij . . . M.DC.XXIV^’; 
but the colophon (at the end of the canon and of the whole work) is 
Berolini, Excudebat Georgius Eungius Typographus, impensis sumtibus 
1873. M 



162 REPOET— 1873. 

Martini Guttij. Bibliopolse Coloniensis. Anno CIq IqC XXIV.” 4to. § 3, 
art. 17. 

Ursinus, G. F. Logarithmi VI Decimalium scilicet numerorum nb 1 ad 
100 000 et Sinuum et Tangentiuin ad 10" . . . (Impensis autoris.) Hafhiae, 
1827. 8vo. §4. 

Veoa, G. Thesaurus logarithmorum completus, ex arithmetica logarithmica, 
et ex trigonometria artificiali Adriani Vlacci collectus, plurimis erroribus 
purgatus, in novum ordinem redactus, . . . . Wolframii denique tabula logarith- 
morum naturalium locupletatus a Georgio Vega .... Lipsia), 1794. folio 
(pp. 685 and introduction xxx). There is also a German titlepage. § 4. 

Veoa, G. Georgii Vega .... tabulae logarithmico-trigonometricae cum 
diversis aliis in Matheseos usum constructis Tabulis et Formulis. , . . Editio 
secunda, emendata, aucta penitusquo reformata. Lipsi^e, 1797. 2 vols. 8vo 

(pp. 409 and 371 ; vol. i. has also Ixxxiv pp. introduction). There is also a 
German titlepage. § 4. 

Vega, G. Georgii Vega. . . .manuale logarithmico-trigonometricum . . . . 
Editio secunda, aucta et emendata. Lipsia), 1800. 8 yo (pp. 304 and intro- 
duction Ixiv). There is also a German titlepage. § 4. 

Vega, G. Sammlung mathematischer Tafeln. . . . Heraungegeben von Dr. 
J. A. HtjTLssE. Stereotyjj-Ausgabe. Ei-stcr Abdruck. Leipzig, 1840. 8vo 
(pp. 681 and introduction xxiv). § 4 (described as Hxjlsse’s Vega). 

Vega, G. Logarithmisch-trigonometrisches Handbuch (einuiidvierzigste 
Auflage). . . .bearbeitet von Dr. C. Dremikeii. Berlin, 1(S57. 8vo (pp. 575 
and introduction xxxii). § 4 (described as Beeaiikek s Vega). 

Vega, G. Logarithmic Tables. . . .by Baron von Vega, translated from 
the fortieth edition of Dr. Eremiker’s by W. L. F. Fischer. . . . Thoroughly 
revised and enlarged edition .... Stereotyped. . . . Berlin, 1857. (pp. 575 and 
introduction xxvii) § 4 (under Beemiker’s Vega). 

Versed Sines, A Table of. See [Sir Jonas Moore.] 

Versed Sines, Natural . . . and Logarithmic . . . See [Farley], 

Vlacu, Adrian. Arithmetica logarithmica, sive logarithmorum chiliades 
centum, pro Numeris naturali serie crescentibus ab Unit ate ad 100000. 
una cum canone trianguloriim sen tabula artificialium Sinuum, Tangentium, 
& Secantium, Ad Hadium 10,00000,00000. & ad singula Scrupula Prima Qua- 
drantis. Quibus novum traditur compendium, quo nullum nee admirabilius, 
nee utiHus solvendi pleraque Problemata Arithmetica & Geometrica. Hos 
numeros primus invenit Clarissimus Vir Johannes Neperus Baro Merchis- 
tonij : eoa autem ex ejusdem sententia mutavit, eorumque ortum & usum 
illustravit Henricus Briggius, in celeberrima Academia Oxouiensi Geometric 
Professor Savilianus. Editio Sccunda aucta per Adrianum Vlacq Goudanum. 
Dens nobis usuram vitae dedit et ingenii, tanquam pecunise, nulla prmstituta 
die. [Typographical ornament.] Goudae, Excudebat Petrus llammasenius. 
M.DC.XXVIII. Cum Privilegio Illust. Ord. Generalium. fol. (preface and 
errata 5 pp., trigonometry &c. 79 pp.; tables unpaged). Part of the title is 
printed in red. § 4. 

Vlacq, Adrian. Arithmetiquo logarithmique ou la construction et usage 
d^une table contenantlesLogarithmesde tousles Nombresdepuis P Unite jusques 
k 100000. et d’une autre table en laquelle sont comprins les Logarithraes des 
Sinus, Tangentes & Secantes, de tous les Degrez & Minutes du quart du 
Cerole, selon le Baid de 10,00000,00000. parties. Par le moyen desquelles 
on resonlt tres-facilement les Problemes Arithmetiqnes & Geometriques. 
Ces nombres premierement sont inventez par lean Neper Baron de Mar- 
chiston : mais Henry Brigs Professeur de la Geometrie en I’Universite 
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d’Oxford, les a change, & leur I^'ature, Origine, & Usage illustre seloii Tinten- 
tion du dit N’eper. La description cst traduito du Latin en Erangois, la 
premiere Table augmentee, & la seeonde composee par Adriaen Vlacq. Dieu 
nous a donnd I’usage de la vie et d’entendement, plus qu’il n’a fait par le 
temps pass^. [Small typographical ornament]. A Goude, Chez Pierre 
Kammasein. M.DC.XXVIII. Avec Privilege des Estats Generaux. fol. 
(preface 3 pp., errata 1 p., trigonometry &c. 84 pp. ; tables unpaged). Part 
of the title is printed in red. § 4. 

[The radius is erroneously describedin the above two titles as 10,00000,00000 ; 
it is really 1,00000,00000, viz. the logarithms are given to ten decimal places.] 

Vl.icu, Adeian. Logarithmicall arithmetike. or tables of logarithmes for 
absolute numbers from an unite to 100000 ; as also for Sines, Tangentes 
and Secantes for every Minute of a Quadrant : with a plaine description of 
their use in Arithmetike, Geometric, Geographic, Astronomic, Navigation, 
&c. These Numbers were first invented by the most excellent lohn Neper 
Baron of Marchiston, and the same were transformed, and the foundation 
and use of them illustrated mth his approbation by Henry Briggs Sir Henry 
Savils Professor of Geometric in the Universitie of Oxford. The uses 
whereof were written in Latin by the Author himselfe, and since his death 
published in English by diverse of his friends according to his mind, for the 
benefit of such as understand not the Latin tongue. Heus nobis usuram 
vitas dedit, et ingenii, tanquam pecuniae, nulla praestituta die. [Printer’s 
device and motto, Anchora spei.] London, Printed by George Miller. 1031. 
fol. (54 pp. of trigonometry &c. followed by “ a Table of Latitudes’’ (8 pp.)> 
and then the logarithmic tables, unpaged). § 4. 

Vlacq, Adrian. Trigonometria artificialis; sive magnus canon triangu- 
lorum logarithmicus. Ad lladium 100000,00000, & ad dena Scrupula Secunda, 
ab Adriano Ylacco Goudano Constructus. Cui Accedunt Henrici Briggii 
Geometriae Professoris in Academia Oxoniensi p.m. Chiliades logarithmorum 
Viginti pro numeris naturali serie crcscentibus ab Unitate ad 20000. Quorum 
ope triangula plana & sphaerica, inter alia Nova eximiaque compendia e 
Geometricis fundamentis petita, sola Additione, Subtractione, & Bipartitione, 
exquisitissime dimetiuntur. [Here follows a quotation of seven lines from 
Kepler. Harm, lib, iv. cap, vii. p, 168.] Goudae, Excudebat Petrus Earn- 
masenius. Anno M.DC.XXXIII. Cum Previlegio. folio. (Dedication and 
preface 4 pp., trigonometry &c. 52 pp. ; tables unpaged). § 4. 

Vlacq, Adrian. Tabulm einuum, tangentium et logarithm! sinuum tangen- 
tium & numerorum ab unitate in 10,000 .... Editio ultima cmendata & 
aucta. Amstelucdami : Apud Henricum & Viduam Theodori Boom. 1681. 
Small 8vo. § 4. 

Vlacq’s works (Chinese reprint). § 3, art. 13 (introductory remarks, p. 54). 

Vlacq. See Hentschen. 

*VoisiN, Antoine. Tables de Multiplications ou Logarithmes des Nombres 
Entiers depuis 1 jusqu’^ 20,000, . . . Paris, 1817. § 3, art. 3. 

Wackeebarth;, A. E. D. Eem-stalliga Logarithm -Tabeller, jemte en 
Samiing Tabeller. . . . Upsala, 1867. Small 8vo (pp. 224 and introduction 
xviii). § 4. 

Wallace, John. Mathematical Tables containing the logarithms of num- 
bers, logarithmic sines, tangents, and secants .... By J. Brown. The third 
edition, improved, enlarged with many useful additions, by J. Wallace. 
Edinburgh, 1815. 8vo. § 4. 

Wallis. See Sheewin. 

Warnstobff. See Schumacher. 

M 2 
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Wmdenbach, Tafel um den Logarithmcn von — = zu finden wenn der 

Logarithme von w gegeben ist. . . . Mit cinem Yorworte von Herrn Hofrath 
Gaxtss. Copenhj^on, 1829. 16mo (pp. 24). § 3, art. 19. 

Wells, I. Sciographia. London, 1635. See under De Decker, 1626. 

WiLLiCH, C. M. Popular Tables arranged in a new form .... Third edition, 
London, 1853. 8vo (pp. 166). § 4. 

Wingate. See Eoe. 

WiTTSTEiN, Theodor. Logarithmes de Gauss ti sept decimalcs. . . . Han- 
nover, 1866. 8vo (pp. 127 and introduction xvi). § 3, art. 19. 

Wolfram. 48-place hyperbolic logarithms: these first appeared in Schulze’s 
Sammlung. See Schulze (1778). 

WooLHousE, W. S. B. On Interpolation, Summation, and the Adjustment 
of Numerical Tables. . . . London, 1865. 8vo (pp. 100). § 3, art. 21. 

WooLHousE. See Olinthus Gregory (1843). 

WucHERER, W. P. Beytriige zum allgem einern Gebrauch der Decimal- 
Briiche. . . . Carlsruhe, 1796. 8vo (152 pp. of tables and 48 pp. of intro- 
duction). § 3, art. 6. 

Zech, J. Tafeln der Additions- und Subtractionslogarithmen fiir sieben 
Stellen . . . . Aus der Yega-Hiilsse’schen Sammlung besonders abgedruckt. 
Leipzig, 1849. 8vo (pp. 201). Also “ Zweiter Auflage,” 1863. § 3, art. 19. 

§ 6. Postscript, 

Art. 1 . The foregoing Eeport is that which was presented to the Brighton 
Meeting in 1872, considerably enlarged. After the Meeting it seemed de- 
sirable to extend some of the articles in § 3, and to add descriptions of several 
works to § 4 ; and it then appeared that the Eeport was so lengthy that it 
was thought better to delay its publication till the ensuing volume, so as to 
afford time for its passage through the press without undue haste. The 
printing therefore was commenced in February or March, and is now 
(September 30, 1873) all but finished. It was arranged, as the completion 
of the Eeport by a supplement depended in great measure on the coopera- 
tion of others possessing information on the subject of tables, that a certain 
number of separate copies should be placed in the hands of the Committee, 
as soon as the printing was effected, for circulation amongst those interested 
in the matter, so as to avoid the delay of a year that would otherwise take 
place before the work undertaken by the Committee became known to those 
who could render assistance. 

Art. 2. While the Eeport has been passing through the press a good many 
alterations have been made which were necessitated by increased informa- 
tion on the subjects treated of, and by repetitions &c. which were detected 
for the first time when the whole appeared in print. But no attempt has 
been made to increase the extent of the Eeport by introducing descriptions 
of fresh works ; in fact only about a dozen have been added since the 
Brighton Meeting, and but four or five since the MS. was placed in the printer’s 
hands. 

The tendency of the Eeport has been from the first to become more and 
more bibliographical. Originally it was intended to introduce nothing of a 
bibliographical nature ; but experience showed that this was impossible, and 
attention to such matters has been continually forced upon us. A report on 
tables differs from a report on any other scientific subject in this — that 
whereas in a progressive science the earlier works become superseded by 
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their successors, and are only of historical interest, a table forms a piece of 
worh done, and, if done correctly, is done for all time. Thus Brioos, 1624, 
or Vlaco, 1628, when procured, are as useful now as if the tables had been 
calculated and published recently, subject to the one drawback, that it needs 
a bibliographical research to determine how far their accuracy is to be relied 
upon. A table is calculated for a special purpose, which purpose in process 
of time ceases to be an object of practical interest, and the table is forgotten ; 
but, for all that, it is the expression of a certain amount of abstract truth, 
and. as such is always of value, and is liable at any moment to be utilized 
again for some other purpose. Thus one of the most useful objects of the 
Eeport is to give in an accessible form accounts of old tables that have passed 
out of notice, as even the most special table is never so obsolete that some 
fresh use may not be found for it in the future ; and it is of little value to 
describe an old and unimportant work without such additional explanation as 
may lead to its easy identification, ^vith references to the works that contain 
information of importance to its user. 

Art. 3. But, apart from the necessity of gi^nng bibliographical information 
with regard to some works in order to render the descriptions useful, it is to 
be noticed that mathematical history is practically nothing but mathematical 
bibliography, as the number of letters and other manuscript documents bear- 
ing upon the subject is very small. This being so, it seemed a pity when the 
examination of any work showed it to possess some interest, even though of 
a purely historical kind, to ignore it entirely merely because the table it 
contained was clearly destitute of practical value*. The whole additional 
space thus devoted to bibliography does not altogether amount to more than 
a very few pages ; and the chief concession that has been made to it is in the 
list of titles in § 5, where in several cases the full titlepage has been tran- 
scribed. This, with one or two exceptions, has only been done in the case 
of the tables of logarithms immediately following their invention in 1614. 
An examination of a great number of works of reference in regard to this 
matter has shown us how inaccurate, not only in details but even in pro- 
minent facts, are the accounts usually given. With the exception of 
Delambre, Lalande (in his ‘ Bibliographic Astronomique ’), and De Morgan, 
it is not too much to say that not a single writer on the subject is to be 
trusted. Those only who have had occasion to investigate any historical 
point, like that of the invention of logarithms, can appreciate the slight value 
that was set on accuracy previously to the dawning of a more careful age at 
the beginning of the present century. It is necessary to give this caution, as 
any one who took the trouble to compare certain statements made in this 
Report with those given in such works as Thomson’s ‘ History of the Royal 
Society,’ or even Hallam’s ‘ Literature of Europe ’ (founded on earlier works), 
might imagine that our account involved matters of opinion and was liable 
to be disputed ; whereas we cannot find that any previous writer ever did 
(or perhaps could in the then state of libraries) examine or even see all the 
works relating to this period. It is also worthy of remark that the early 
logarithmic tables form a most remarkable bibliographical tangle. For some 
years it was customary to always place the name of Kapier on the titlepages 

* “ It would be something towards a complete collection of mathematical bibliography, 
if those who have occasion to examine old works, and take a pleasure in doing it, 
w6uld add each his quotum, in the shape of description of such works as he has actually 
seen, without any attempt to appear more learned than his opportunities have made 
him.” — De Morgan, * Arithmetical Books,’ p. x. See also ‘ Companion to the Almanac,* 
1851 , p. 5 . 



HEPORI?— 187S, 


m 

of works OR logarithms, as being their inventor, and, if the logarithms Were 
decimal, that of Briggs (and perhaps also that of Vlacq) in addition. Thus 
the * Arithmetica ’ of 1628 will be found in bibliographies and library cata- 
logues usually under the name of Napier or Briggs, and very rarely under 
that of its author Ylacq, If to this confusion be added the additional com- 
plication produced by the varieties of ways in which the names of the three 
leading logarithmic calculators were spelt, it may easily be inferred how 
incorrect and confused is all the information to be obtained from bibliogra- 
phical sources, whether general or mathematical*. It is on this account 
that we have thought it desirable to give the titles of these works in full in 
§ 5. Perhaps it would not have been possible to see so many of them 
in any one other country except this ; and the value of a number of such 
titles collectively in the same list is much greater than the sum of their 
separate values when scattered in different works. 

Art. 4, While on the subject of bibliography, it is proper to remark that, 
in the cases where the fuU titles have been given in § 5, there is a certain 
slight want of uniformity in the way in which they have been transcribed, 
viz. in the use of capitals, the writing at full len^h of words abbreviated, 
and the modernizing the language by the substitution of u for v or i for j, 
and vice versa. Titlepages are printed partly in capital and partly in Roman 
and italic characters ; and when they are transcribed wholly in Roman letters, 
there arise several uncertainties. Thus it is usual in the portion printed in 
capitals to replace U by V and J by I, and very often not to use a larger 
letter after a full stop or for a proper name ; and in copying the whole in 
Roman letters it is doubtful whether to write these as they are, or to recon- 
vert them. We are inclined to think that the best plan (except when capitals 
are reprinted as capitals &c., in which case no difficulty occurs) is to make an 
exact copy, and not even introduce a capital letter after a full stop, although 
the author would no doubt have done so himself had he printed his title- 
page in Roman characters throughout. Exception must, however, be made 
in the ease of proper names. These rules have not been followed out com- 
pletely in one or two of the earliest titles that we copied, before experience 
bed taught us that in bibliographical matters the greatest attainable accu- 
racy should be invariably striven after ; also one or two abbreviations have 
been replaced by the words at length (such as e, g. “ screnis”^ by “ sere- 
nissimi ’’ or “ atq by “ atque”). Whenever, of course, any difference from 
ordinary spelling is observed, it may be taken for granted that the title is so 
printed in the book ; the utmost change that has been made being that some 
words in a few of the titles are modernized. 

The foregoing remarks apply to the titles that are transcribed at length ; 
but a few words must also be said with regard to those in which only 
enough is given to identify the books described without possibility of mis- 
take. Wherever words are left out from the title, the omission is marked 

♦ Even Babbage makes a bibliographical error on the first page of the preface to his 
tables, where he says that “ the first 20,000 were read with those in the Trigonometria 
Artificialis of Briggs/' The ‘ Trigonometria Artificialis ' was calculated by Vlacq, and 
published by him two years after Briggs's death, though the 20,000 logarithms ap- 
pended were of course originally computed by Briggs. Any one who will look at the 
title of the ‘ Trigonometria Artificialis ’ in § 6 will see how easily a mistake of this kind can 
be made ; and in fact an inspection of the titles of the other works of this period will show 
that it would be difficult for any one who had not bestowed some attention on the histoi^ 
of logarithms to assign them to their true authors. Part of the confusion that exists is 
due to Vlacq’s excessive modesty, which led him on the titlepages of his works to give 
quite a subordinate position to bis own name compared with those of Napier and Briggs. 
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by dots, except between place and date, where the publisher’s name almost 
invariably occurs ; so that, this being understood, the separation by a comma 
was considered sufficient. If the work of the Iteport had to be performed over 
again, we should adopt a set of fixed rules with regard to the use of initial 
capitals in the printing of words in titles, instead of leaving the matter to 
caprice or the printer ; as it is, the treatment in this respect has been fairly 
uniform, but might have been better. 8uch details may seem insignificant ; but 
it is desirable that nothing should be regarded as arbitrary". With regard to 
the number of pages assigned to books in § 5, there is also a certain want of 
uniformity : at first we merely looked at the number on the last page, and 
(having assured ourselves that the pagination was continuous) regarded that 
as the number of pages, ignoring the few pages at the beginning (usually 
with a roman pagination) that are devoted to preface tfec. ; but afterwards 
we included these also. Our object merely was to give an idea of the size 
of the work ; so that (except in the cases where the interest of the book was 
bibliographical, when we took pains to be quite accurate) it was not thought 
necessary always to count pages that were not numbered. Sometimes it 
seemed desirable to give the number of pages occupied by the tables instead 
of the number in the whole book ; and in a few cases, where the pages were 
not numbered, it was not considered worth while to count them, or even give 
an estimate. It may be remarked that very frequently (we think we might 
say more often than not) the pages on wdiich extensive tabidar matter is 
printed are not numbered. 

Art. 5. The distinction mentioned in § 2, art. 8, between works that are 
and works that are not described in the Report, viz. that the names of the 
authors of the former, when the works are referred to, are printed in small 
capitals, and of the latter in roman characters, has been adhered to as carefully 
as possible ; but it has been found to be very troublesome and unsatisfactory. 
Wo have generally thought it sufficient to print the name in small capitals 
only once in a paragraph ; and when there is no risk of mistake (as in the 
description of the work in question itself) the name has been printed in 
ordinary roman type ; the distinction will not be retained in future Reports. 

Also, with reference to the meanings to be attached to the words 8vo, 4to, 
&c., explained in § 2, art. 9, experience has shown that it is more conve- 
nient to use these terms in their technical significations, viz. as defined by 
the number of pages to the sheet ; and in future Reports they will be so 
used. It should be stated that, except in the case of a few books of no 
bibliographical interest, these have been the meanings actually adopted. 
Care was taken that this should be so in regard to all works of bibliogra- 
phical interest; and in most other cases the size, as estimated by the eye, 
agrees with the technical signification. 

Art. 6. In § 1 it is stated that the Committee had deteimined to print and 
stereotype certain tables of and and of hyperbolic sines and cosines 
which had been commenced by the reporter, and that they were then in the 
press. Only four pages were set up when the above statement was written ; 
and shortly afterwards, when the elliptic functions (referred to further on 
in art. 16) were in process of calculation, it became clear that they would 
occupy so much attention that it was not likely that the tables of e* &c. 
could be continued by the reporter till after their completion, and, further, 
that the publication of the elliptic functions would tax the resources of the 
Committee to such an extent that it was not probable that they would have 
the means of printing any thing else, at all events for some time. These 
tables were therefore withdrawn ; and the reporter contemplates completing 



168 


HEPOKT — 1873. 


them (very little more remains to be done) after the publication of the 
elliptic functions, when they will probably be communicated to one of 
the learned societies. The table of powers by the reporter, mentioned in 
§ 3, art. 5, is entirely completed, except for the final verification by differ- 
ences, which is in progress ; and the printing will be commenced very shortly ; 
but as it is intended to prefix to it a list of constants, with historical notices 
of the calculation of each, the publication may be somewhat delayed. 

Art. 7. Any one who studies the Keport attentively cannot fail to notice 
differences of modes of description in it. These are only verbal, and will be 
seen to be unavoidable when it is considered that, as a rule, the account of 
each book was written by itself on a separate piece of paper, and that not 
till all had been arranged, and the Eeport was in print, was it easy to com- 
pare the descriptions of the same table occurring in different works, and 
therefore written under different circumstances. Very few of these “ dis- 
crepancies ” have been removed, partly because, as each description was cor- 
rect, it seemed scarcely worth while to make alterations for the sake of a 
fictitious uniformity, and partly because we made it a rule that, a descrip- 
tion having been written in the presence of the book, it ought not to be 
altered when the book was absent. Slight differences of style and manner 
are inevitable in a Avork the performance of which has extended over the 
space of two years, as experience must always continually modify to some 
extent both opinions and modes of thought and expression ; of course, if the 
work could be done over again with the experience already obtained, the 
descriptions would be more uniform. 

Art. 8. An objection might be made on the ground that descriptions are given 
of some very minor works, which have not even the bibliographical interest 
due to age. In answer to this it is to be noted (1) that it is sometimes as 
important to know that a book does not contain any thing of value as to know 
what is in it if it does, and that the reader alone should be left to decide 
what is and what is not valuable ; and (2) that no book is so insignificant 
that in the future a correct account of its contents will not be of value. 

The most worthless book of a bygone day is a record worthy of preserva- 
tion. Like a telescopic star, its obscurity may render it unavailable for 
most purposes ; but it serves, in hands which know how to use it, to deter- 
mine the places of more important bodies ” (De Morgan, ‘ Arithmetical 
Books, ^ page ii). Although the primary object of the Eeport is utility in the 
present, still it is not desirable to entirely forget the wants of the future, 
llie difficulty the historian of science meets with consists not so much in 
getting a sight of the books the existence of which he knows, as in finding 
out the names of the second- and third-rate authors of the period he is con- 
cerned with. Bibliographies grow more valuable as they increase in age ; 
and it may be predicted with confidence, that long after every vestige of 
claim to represent the state of science ’’ has passed away from this Eeport, 
the list of names in § 5 wiU be consulted as a useful record of nineteenth- 
century authors of tables. It might be thought that a less detailed descrip- 
tion of unimportant books would suffice ; but it is only necessary to point 
out in reply, that work, unless done thoroughly, had better be left alone. 
An account of all the tables in a book is absolute, whereas an account only 
of those that seem to the writer worth notice is relative. Want of thorough- 
ness is the thing most to be dreaded in all work of a bibliographical, his- 
torical, or descriptive nature. It is this want that renders all but valueless 
the greater part of seventeenth and eighteenth-century writings of this 
class ; and any one who performs such work in an incomplete or slovenly 
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manner, merely accumulates obstructions which obscure the truth, and ren- 
ders more difficult the task of his successors, who will have to be at the 
pains not only of doing the work again de novo, but also of correcting the 
errors into which others have fallen through his imperfect accounts. 

Art. 9. With regard to the future Report on the subject of general tables 
that has been mentioned more than once, and is intended to be supplemen- 
tary to the foregoing, it may be stated that a number of additional tables 
have already been described and will be included in it ; but the cooperation 
of others in the matter is requested. Whether the descriptions in the Sup- 
plement will resemble those in this Report will of course depend on the ex- 
tent of the former, as, if the number of works described be large, it may be 
necessary to practise some curtailment. 

It is requested also that notices of errors detected in the Report may be 
sent to the reporter (see p. 12). 

Art. 10. Although, as already stated, this Report has no pretensions to 
completeness, still any one who notices the non-appearance of names well 
known in calculation (such as that of Legendre) is asked to read the con- 
clusion of § 1, the list of articles in § 3, and enough of the introductory 
matter in § 2 to comprehend clearly the spirit that has directed the selection 
of works included, before coming to the conclusion that the omission was not 
intentional. Rooks such as Legendre’s ‘ Fonctions Elliptiques ’ and Jacobi’s 
‘ Canon Arithmeticus,’ though forming separate publications, yet belong more 
properly to a later portion of the Committee’s work, as they are conclusive, 
not subsidiary tables ; the former belongs to Division II., and the latter to 
Division III. (see § 1, p. 4). 

It is perhaps worth noting explicitly, that the word Report has sometimes 
been used to donote the whole Report that is contemplated by the Committee, 
including the accounts of the Integral and Thcory-of-Number tables, and 
sometimes only the portion of it that wiU form one year’s instalment ; but 
the context always shows, without risk of confusion, the meaning to bo 
assigned. 

Art. 11. It was originally intended that the list in § 5 should merely con- 
tain the titles of the books described in §§ 3 and 4, with references to the 
section and article where each description was given. But it has been found 
convenient to render it in addition more of an index to the whole Report by 
adding cross references, and also a few titles of papers often referred to, as 
well as references to the places where certain other works or tracts (besides 
books of tables) were noticed. One or two remarks that should have appeared 
in the accounts of the works themselves in §§ 3 and 4 have been added 
after their titles in § 5 (see Babbage, Nokie, 1844, and I^apiek, 1619, in 
§ 5 ). 

A table of contents is given at the conclusion of this postscript. Whether 
a work of reference ever gets into use or not depends more on the complete- 
ness with which it is indexed than on any thing else. 

Art. 12. The following statistics will not be found without interest. The 
number of separate books of tables described at length in this Report (ex- 
clusive of different editions and of works only noticed incidentally) is 235, of 
which only 5 are derived from second-hand sources. The 230 that have 
thms come under the eye of the reporter are thus distributed among the dif- 
ferent countries : — 


Great Britain and Ireland .... 109 France 27 

Germany (including Austria &c.) 66 Holland 8 
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Denmark 7 

Italy 3 

United States 3 

Switzerland 2 

Spain 1 


Portugal 1 

Sweden 1 

Russia 1 

Egypt 1 


Belgium supplying none. These figures afford no comparison between Great 
Britain and other countries ; but they give a fair idea of the relative table- 
publication of foreign countries, or, at all events, of the relative proportions in 
which their tabular works are to be found in English libraries. The numbers 
of tables published in some of the chief towns are as follows ; — London 94, 
Paris 23, Berlin 18, Leipzig 17, Edinburgh 11, Vienna 5, Copenhagen 4, 
New York 3. Of the 109 works published in Great Britain and Ireland the 
following is the distribution : — England 96 (London 94, Boston 1, Ci- 
rencester 1), Scotland 12 (Edinburgh 11, Glasgow 1), Ireland 1 (Dublin), 
showing the paramount position of London in the publishing trade in this 
country. 

Art. 13. Contents of the Report that was intended to be presented to 
THE Bradford Meeting, 1873. — Owing to the great amount of space already 
occupied in the present volume by the foregoing Report, it seemed desirable 
to postpone for a year the Report which it was till recently intended should 
be presented to the Bradford Meeting, and only to give here a brief 
description of the work performed in 1872-1873. This latter Report (which 
is not lengthy) consists of three parts — (1) Tables of the Legendrian Func- 
tions ; (2) List of errors in Ylacq’s ^ Arithmetica Logarithmica,’ 1628 or 
1631 ; (3) Account of the tabulation of the Elliptic Functions. 

Art. 14. The Tables of the Legendrian Functions (Laplace\s Coefficients ), — - 
Those give P"(^) to n=7 from 07=0 to o?=l at intervals of •()], viz. the 
functions are : — 


P^ = l, 

P^=07, 

F = i(3o^^-l), 

P3 = i(5.^^~3o7), 

P^ = 1(35o7‘-30o7^-1-3), 

P^=i(63o7«~70o7^^4-15.r), 

P« = - 31 5o 7^ -f 105.r* - 5), 

P" = ^^(42907" - 69307^ + 315.r ^ - 35o*) ; 

and as only powers of 2 appear in the denominators, all the decimals ter- 
minate, and their accurate values are therefore given. The work was per- 
formed in duplicate — one calculation having been made by Mr. W. Barrett 
Davis, and the other under the direction of the reporter, by whom the two 
were compared, the errors corrected, and the whole difiereiieed. As the 
accurate values of the functions were tabulated, the verification by differ- 
ences was absolute. A short introduction on the use of the tables in inter- 
polation was written by Prof. Cayley, who has also made drawings of the 
curves iy=P"(a7) over the portion calculated. 

Alt. 15. The List of Errors in Vlacfs ^Arithmetica Logarithmica ’ (1628 
or 1631). — It seemed very desirable that a complete list of the errata in 
Vlacq, 1628 or 1631, should be formed for the convenience of those who 
have occasion to employ ten -figure logarithms. No less than five copies of 
this work have been continually in use in the calculation of the Elliptic 
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Functions (see next article) during the last year ; and it is the ten-figure 
table chiefly used.* Besides this, the errata in Vlacu are known with more 
certainty than are those in Yeoa, 1794. 

This list had only been partially formed when it was determined to post- 
pone the Report ; and it is believed that the yearns delay may possibly result 
in its being made more complete. It is proposed to add a list of errata also 
in Dobson’s ‘ Antilogarithmic Canon,’ 1742 (§ 3, art. 14), and perhaps to 
consider the subject of errors in tables generally. 

Art. IG. The account of the Tabulation of the Elliptic Functions , — In Sep- 
tember 1872 it was resolved to undertake the systematic tabulation of the 
Elliptic Functions (inverse to the Elliptic Integrals), or, more strictly, of 
the Jacobian Theta Functions which form their numerators and denomi- 
nators. 

The formulae are : — 


0 =1—25 cos cos Ax—2q^ cos G.r-f . . ., 

TT 

^ 2Kir 1 „2Ka; 

^1 " — Vitl 

TT Jc^ TT 

1/1 0 \ 

= - (2^** sinA.’— 2(/^ sin3j? + 2(/ 4 sin 5^—...), 

= cos X’^2(^ cos *^x-^2q ^cos 5.r-f . . .), 

(1 4-2(^008 2a? 4- 2^^ cos 4a’ 4- 29'’’ cos 6.r4-. . .) ; 


so that 


2^x ^ 21Lx . „ 2Ka7 

sm am = 0^ -rO — , 

TT TT TT 

2Ka? ^ 2Ka? , ^2Ka? 
cos am =02 -r0 , 

TT TT TT 

^ 2X.r ^ 2Ka’ . ^2^x 
A am =03 -r 0 , 

TT TT TT 

q being, as always, e ^ \ and the tables, when completed, will give 
0, 0^, Oj, 03 and their logarithms to eight decimals for 

X = 1°, 2°, . . . 90®, h = sin 1°, sin 2°, . . . sin 90®. 

The tables are thus of double entry, and contain eight tabular results for 
each of 8100 arguments, viz. 64,800 tabular results. The arrangement will 
be so that over each page h shall be constant ; and at the top of each page 
certain^ constants (i, e, quantities independent of a?), such as 

K, K', J, J', E, fc*, (ff, Qf, q, &c., 
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and their logarithms, which are likely to be wanted in connexion with the 
tables, will be added. K and K' (complete elliptic integrals) were, as is well 
known, tabulated by Legendre, and published by him in 1826. 

For the performance of the calculation of 0 and 0^ (0^ being deduced from 
0 ) 8500 forms were printed and bound up into 1 6 books (550 in each, with a 
few over). Each book, therefore, contains forms for the calculation of six 
nineties, viz. from A-sssin a° (say), ii? = 0% to ^ = sin (a°-f ^°)) ^ * 00°. Similar 
forms for the calculation of 0 ^ and 0^ were printed and bound up into 15 
other books. 

The work has been in active progress since the beginning of October 1872 ; 
and eight computers have been engaged from that time to the present, under 
the superintendence of Mr. James Glaisher, F.Il.8., and the Reporter. About 
three quarters of the work is now performed — 0 having been calculated com- 
pletely, and its accuracy verified by differences, and 03 being nearly finished 
also, while very considerable progress has been made with 0 ^ and 0 ^. 

It is intended that the tables, which will be completed, it is hoped, by 
February 1874, shall form a separate work, and that they shall be preceded 
by an introduction, in which all the members of the Committee will take part, 
— an account of the application of the functions in mathematics generally 
being undertaken by Professor Cayley, of their application in the theory of 
numbers by Professor II. J. S. Smith, and of their use in physics by Sir W. 
Thomson and Professor Stokes, while the account of the method of calcula- 
tion &c. will be written by the Reporter. 

The magnitude of the numerical work performed has not often been ex- 
ceeded since the original calculation of logarithms by Briggs and Vlacq, 
1617-1628 ; and it is believed that the value of the tables will be great. 

After the circular and logarithmic functions there are no transcendants 
more widely used in analysis than the Elliptic Functions ; and the tables will 
not only render the subjects in which they occur more complete, but will also, 
to a great extent, render available for practical purposes a vast and fertile 
region of analysis. Apart from their interest and utility in a mathematical 
point of view, one of the most valuable uses of numerical tables is that they 
connect mathematics and physics, and enable the extension of the former to 
bear fruit practically in aiding the advance of the latter. 

Art. 17. Note on the Centesimal Division of the Degree. — In the note 
on p. 64 we have expressed an opinion that Briggs and his followers, by 
dividing centesimally the old nonagesimal degree, showed a truer appreciation 
of how far improvement was practicable, or indeed desirable, than did the 
French mathematicians who divided the quadrant centesimally. On reading 
Stevinus’s ‘ La Disme,’ the celebrated tract in which the invention of decimal 
fractions was first announced, we found that the centesimal division of the 
degree was there suggested. The following extract from ‘ La Disme ’ is 
taken from pp. 156 and 157 of ‘ La Pratique d’Arithmetique de Simon Stevin 
de Bruges ’ (Leyden, 1585), near the end of which ‘ La Disme ’ appears in 
French. The first publication of the tract, as far as we can find, was in 
Dutch, under the title ‘‘ De Thiende .... Beschreven door Simon Stevin van 
Brugghe ” (Leyden, 1585). 

Article V. Des Computations Astronomiques. — Aians les anciens Astro- 
nomes parti le circle en 360 degrez, ils voioient que les computations Astro- 
nomiques d’iceUes, auec leurs partitions, estoient trop labourieuses, pourtant 
ils ont parti chasque degre en certaines parties, & les mesmes autrefois en 
autant, &c., k fin de pouuoir par ainsi tousiours opererpar nombres entiers, en 
choissisans la soixantiesme progression, parce que 60 est nombre mesiirable 
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par plusienrs (sic) mesurea entieres, k s§auoir 1, 2, 3, 4, 5, 6, 10, 12, 15, 20, 30, 
mais si Ton peut croire Texperience (ce que nous disons par toute reuerenoe 
de la venerable antiquite & esmeu auec IVlilite commune) certes la soixan- 
tiesmie progression n’estoit pas la plus oommod^ au moins entre celles qui 
consistoient potentiellement en la nature, ains la (nxiesme qui est telle : JsTous 
nommons les 360 degrez auasi Commencemens les denotans ainsi 300(0) * 
& chascun degre ou 1(0) se diuisera en 10 parties egalcs, desquelles cliascuno 
fera 1(1), puis chaaque 1(1) en 10(2), & ainsi des autres, commo lesemblablo 
est faict par plusienrs fois ci deuant ’’ f* 

At the end of the ‘ Appendice du Traicte des Triangles,’ which concludes 
the fourth book of the ‘‘ Cosmographie ” in Albert Girard’s edition of 
Stevinus’s collected works, Leyden, 1034 (p. 95), there occurs the following 
note : — 

“ Notez. — J’ay descrit un chapitre con tenant la maniero de la fabrique & 
usage de la dixiesme progression aux parties des arcs avec leurs sinus, h de- 
clare combien grande facilite en suit, comparee a la vulgaire soixantiesme 
progression, de 1 deg, en 00(1), & 1(1) en 00(2), &c. laquelle matiere pour- 
roit ici sembler reqiierir sa place : Mais veu que les principaux exemples 
d'icellc se prennent des cours moyens des Plane tes & autres comptes communs 
avec iceux, qui jusques ici ne sont point encores descrits, nous avons applique 
le susdit chapitre derriere le traicte d’icellcs Planetes, a s^avoir en VAppen-‘ 
dice du cours des Planetes.” 

To which is appended the following note by Girard ; — Cesto promesse no 
se trouve pas avoir este cffectuee.” 

Steichen, in his ‘ Memoire sur la vie et les travaux do Simon Stevin ’ 
(Brussels, 1840), p. 52, says that Stevinus promises a chapter on the manner 
of constructing a table of trigonometrical lines “ pour la division de la cir- 
conference en parties decimaies.” This is not correct, as the quotation 
from ‘ La Disme ’ shows that Stevinus’s idea was to divide the degree cen- 
tesimaUy. 

Briggs, in the ‘ Trigonometria Britannica’ (p. 1), states that he was led to 
divide the degree centesimally by the authority of Yieta (‘* Ego verd adductus 
authoritate Yietac, pag. 29. Calendarij Gregoriani, & aliorum hortatu, 
Gradus partior decupla ratione in partes primarias 100, & harum quamlibet 
in partes 10. quarum quaelibet secatur eMem ratione. Atquo hse partes cal- 
culum roddunt multo facilorem (s^c), & non minus certum ”). YTe have 
looked through ‘Erancisci Yietae Eontenaeensis . . . .Belatio Kalendarii vere 
Gregoriani. . . .1600 ” (Colophon : ‘ Excudebat Parisiis. . . . 40 leaves^ as 
only the rectos are numbered, 1 to 40) without finding, either on p. 29 or 
elsewhere, any mention of the division of the degree. Without venturing to 
say that there is nothing of the kind in the book, it is not unlikely that the 
wrong work of Yieta’ s is referred to, as we have found many other seven- 
teenth-century references inaccurate ; and this is rendered more probable 
when it is remembered that the ‘ Trigonometria Britannica ’ was published 
after Briggs’s death. 

But granting, as is likely, that Briggs did derive the idea from Yieta, it is 
very probable that the latter himself obtained it from Stevinus, and perhaps 
adopted it without aeknowledgraent, as unfortunately it is to be feared that 

. Stevinus encloses tne exponential numbers in complete circles, for which we have 
throi^hout substituted parentheses, for convenience of printing. 

t This refers to the preceding articles of the ‘ Bisme,’ where the decimal division is 
explained. 
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Vieta was bigoted enough to suppress the name of a heterodox author, 
such as in all likelihood Stovinus was. There can therefore be but little 
doubt that the original suggestion for the centesimal division of the degree is 
contained in the sentence mioted from ‘ La Disme ; ’ but we intend to inves- 
tigate the question furtherf and endeavour to decide it conclusively. 


Contents of Part I. (1872 and 1873) of the Report on Mathehatical 

Tables. 

Page 


§ 1. General StateTnent of the Objects of the Committee - 1 
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4. (Mode of arrangement of the Report ; meaning of a prefixed asterisk) 7 
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6. (The particular edition of a work described is arbitrary) 10 

7. (The tables themselves, and not merely their titlepagos, have been ex- 
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8. (Why certain names are printed in small capitals, or enclosed in square 
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9. (Use of the words 8vo, 4to, &c. ; see also § 6, art. 5) 11 
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10. Tables of natural trigonometrical functions 41 
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for the conversion of time into space, and vice versa 48 
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Observations on the Application of Machinery to the Cutting of 
Coal in Mines. By William Firth, of Birley Wood, Leeds. 

[A Communication ordered by the General Committee to bo printed in extenso,] 

The object of this paper is to submit for consideration some matters touch- 
ing the history of the now more than over absorbing subject of cutting coal 
in mines by mechanical means. 

It is intended to avoid all technical and scientific symbols, and to convey, 
in the most simple manner, whatever information is at my command, and to 
give, from practical experience, spread over long periods, the results derived 
therefrom, and to show that machinery can be, and is now, applied to the 
purpose equally to the advantage of the masters and of the men. 

I am aware that there are now several distinct modes of doing the work, 
and doing it well ; but it is not in my power to give any reliable information 
upon the competitive status which the successful machines hold towards 
each other. T shall therefore have in this paper to confine myself more 
particularly to the introduction of coal-cutting machinery driven by com- 
pressed air, and the results obtained from the invention now known as 
“Firth’s Machine,” which was unquestionably the first that ever succeeded 
in reducing to actual practice the cutting of coal in mines. 
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When the severe nature of the employment of manual labour for the 
** hewing of coal ” and the great dangers which beset that occupation are 
taken into thoughtful consideration, it is not surprising that much sympathy 
should have been always excited in favour of the coal- working class. All 
men who have thought upon the subject have felt a strong desire that some 
mechanical invention might be made to ameliorate the severe conditions 
of that occupation. 

The statistics of the comparative longevity of the working classes show 
that the duration of the liv^es of colliers (apart from special accidents) is 
lamentably low ; and as respects the “ hewers ” or “ pickmen,” whose work is 
the most exhausting, they must especially, and in a large degree, contribute 
to, and account for, much of that average shortness of life. 

The really hard work of a colliery falls upon the “ hewers ; ” and the effect 
is very often to stamp the men with the mark of their trade, and (through 
the constrained position of their daily toil) to alter and distort many of the 
more delicately formed persons ; and it is due to these men as a class, that 
their weaknesses should be mildly judged, having regard to the scanty oppor- 
tunities hitherto afforded to them for intellectual culture, and the unequal 
sacrifices which press so heavily upon them in the most valuable and im- 
portant branch of all our industries. 

In 1862 some experiments were commenced at West Ardsley, by the em- 
ployment of compressed air, to devise a cutting-instrument in the form of a 
pick. It was to be moved on the face of the coal, striking in a line and with 
such force as would cut a groove deep enough to admit of its being easily 
taken out. In the early stages there were many and serious diseouraging 
symptoms discovered, but on the whole we were well satisfied that they could 
be overcome by perseverance. We set about to improve the defects, and 
battle with the difficulties as they presented themselves; and after some 
years we were in possession of a eoal- getting machine, in combination with 
air-power, more suitable for the performance of the work which we had 
undertaken than we ever anticipated. 

Much surprise has been 'expressed at our slow progress during the ten 
years which have elapsed since the time when we believed that we had 
reached success ; but when the peculiar circumstances which surround the 
work, and the nature of the work to be done, are taken fairly into account, 
the delay need not excite any astonishment. It was in many respects a 
new field to be broken up, and accompanied by numerous uncertainties. 
It has been more or less so with most of the important inventions which 
have gone before it; indeed the steam-engine, whose origin cannot be 
traced back, was known as a prime mover nearly two centuries before it was 
sufficiently developed to be recognized as a valuable machine. 

We found, however, that we had to contend against much prejudice and 
resistance. Those who were the most likely to be benefited by it were 
either openly hostilo or manifested an unfriendly disposition towards the 
machine ; and, added to these embarrassments, we failed to obtain any 
general encouragement from those who exerted the greatest influence over 
file coal-mining interests of the country ; but through the recent dearness 
of coal, the attention of the country has been drawn to the subject, the 
public mind has been powerfully impressed with the necessity for some 
improved means of working the mines, and coal-cutting machinery is now 
universally looked to as the principal source from which relief is to come. 

From the altered feelings of the miners as to the number of hours which 
they consider to be sufficient for their labour, and with the new restrictions 
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imposed by the Legislature, there is found already at every colliery in the 
country a deficiency of hands to fully man the works now existing ; and coal 
has in consequence been scarce and exorbitantly dear. The consumption 
goes on increasing ; the continual enlargement of the old iron works, and 
the establishment of new ones in new districts,' indicate a progressive en- 
largement in the demand for coal, unless a general collapse in our foreign 
commerce should, through high prices of production, come upon the country. 

Now coal-fields, too, are sought after ; and new pits are being opened in 
every direction, at enormously increased cost ; and the question naturally 
arises, where are the colliers to come from to work them, or how is the in- 
creased demand to be reasonably met? 

Labourers from the agricultural districts, and other unskilled workmen, 
may, through the infiuence of high wages, be drawn off to the mines ; but it is 
only in “ dead work ’’ where they can be immediately made use of, and only 
a small proportion make efficient ‘‘ pickmeu.” 

By the figures laid before Mr. Ayrton’s Committee of the House of Com- 
mons (1873), it appears that whilst in 1871 the average production of coal 
per man was 813 tons, it had declined to 296 tons per man in 1 872. There 
had been an increase in the number of persons employed at and about the 
mines of 42,184. The disturbance which has been felt in nearly every other 
occupation seems to me to be traceable to the heavy drafts which have been 
made upon them to supply the increased demand for the coal and iron trades 
during the last two years ; and until stagnation and distress in those trades 
shall throw back the suffering masses again upon their former employment, 
that disturbance must continue, with all its inconveniences. 

A continuance of the present high price of coal may, and I think will, 
make itself felt upon the foreign commerce of this country. 1 believe, how- 
ever, that a decided modification of these evils may be found in the speedy 
adoption of coal-cutting machinery. 

Other countries are now turning their attention vigorously to the employ- 
ment of coal-getting machinery ; and it is not improbable that foreigners will 
in this matter take the lead in the emploj^ment of an invention purely English. 

In the earlier stages of machine- working, it was contended that the “ creep ” 
of the floors, and the natural disturbances of the strata, would so dislocate 
or break the joints of the air- pipes, that continuous working could not be 
carried on, the out-put would be intermittent and uncertain, and the cost 
of compressing the air would be enormous and overwhelming to the 
enterprise. 

The coal- owners during many years had had an unprofitable trade, and 
they were unwilling to encounter a considerable outlay of new capital in the 
work incident to the new system, which, indeed, had not then met with the 
approbation of the engineers and mining agents, whilst the mining inspectors, 
with very few exceptions, were decidedly mistrustful of the success of the 
invention. There were others who believed that the heavy work which they 
saw done would knock the machines to pieces, and that they could not stand 
the test of long- continued service. 

Five or six years, however, of regular and daily working of the machines 
at Ardsley and elsewhere have effectually negatived these fears. 

In the collier class there is a good deal of professional pride or esprit de 
corps, especially amongst the older men. There was, and still is, an unwill- 
ingness to give up the social dignity which they consider belongs to the 
expert wielder of the time-honoured pick ; and some of them have been heard 
to declare that they would adhere to the ancient implement to the end of 

1873. N 
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their days,” and that they would not come down to the humiliating condition, 
as they considered it, of “ following the machine.” 

This feeling on the part of the colliers has hindered the progress of machine- 
work more than any other difficulty ; and although it yet prevails to some 
extent, the more intelligent and the younger men evince a contrary disposi- 
tion towards it. 

The leaders of the miners of Yorkshire and other districts have seen the 
machines at work, and, whilst they express ^^ithout hesitation their un- 
qualified approbation of them*, state frankly that their object will be to gain 
as full and fair a share of the advantage of the machines as possible for their 
own class. Now nobody will object to that claim ; and when we come to con- 
sider the figures of cost, as we presently shall do, it will be seen that that 
claim has not been neglected. 

Intelligence is what is required to manage these machines, rather than 
muscular development ; and any youth of ordinary capacity can in a few days 
acquire sufficient knowledge to do so. 

In 1761, Michael Menzies, of Newcastle, obtained a patent for cutting coal 
in mines ; and that is the earliest evidence which we have of any attempt 
having been made to produce a mechanical coal-cutter ; and his plans, having 
regard to the time at which they W’cre produced, wxre remarkable for their 
ingenuity. 

Menzies’s specification is also remarkable in other respects, as showing that 
it was his intention to make use of the “ Fire Engine ” as his motor, which 
engine had about two years previously, through the improvements of Watt 
and of Smeaton, attained only to so much i)erfection as to become a doubtful 
rival to the Water Miln,” the ‘‘ Wind 3kJiln,” and the “ Horse Gin.” 

By the power of one or other of these agents, he proposed to give motion 
to a heavy iron pick, made to reciprocate l)y means of spears and chains, 
carried down the pit, and with wheels and horizontal spears, on rollers, 
extended to the working places, and there to shear ” the coal exactly as it 
is now performed. In the same patent Menzies included a ‘‘ Saw ” to cut 
•the coal ; and although nothing came from his labours, he displayed so much 
mechanical knowledge as to have deserved success ; and I am satisfied that 
his failure was due to the absence of an eligible power, and not to his defi- 
ciencies as a mechanic. 

During the hundred years that followed these events, more than a hundred 
other patents were applied for and granted ; but I cannot find, amongst them 
all, that there was one machine that approached nearer to success than the 
invention of Michael Menzies. 

This fact is not referred to in disparagement of the patentees ; for there were 
many curious devices, ingeniously arranged ; but I name the matter to show 

* Extract from Letter received by the West Ardsley Company, dated 22nd February, 
1872, from Mr. Philip Casey, of Barnsley, Secretary to the South Yorkshire Miners' 
Union. 

“ Will you allow me to express the gratitude which I feel for the pleasure I derived in 
visiting your works yesterday ? 

“ For many years the name of Mr. Firth has been known to me in connexion with his 
eflbrts to lighten the heavy labour incidental to mining operations ; and the coal-bearing 
machine that I saw in operation at the West Ardsley Works altogether exceeded my 
expectations. 

“ I cannot see how the coal could possibly pay to be got by hand ; its extreme hardness, 
coupled with the thinness of the seam, would make it utterly impossible. This machine 
is the best friend the collier ever had ; but it will be our business to obtain a full and fair 
share of its benefits to our people." 
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that the object excited much continuous interest, and that amongst so niaBy 
miscarriages our mechanics were still hopeful. 

Amongst these devices may be enumerated the Saw/’ ‘‘ Catapult,” 
‘‘ Battering-Eam,” ‘‘ Plough,” “ Eotary Wheel,” Endless Chain,” Planing 
Machine,” and many others. 

There had been no suitable power made known for driving the machines ; 
and it was to that cause, in my opinion, that so many failures and disap- 
pointments were attributable. The steam engine, even since it attained to 
its most perfect form, is in itself insufficient for the purpose, because steam 
cannot be produced near to the place where the work has to be done, nor can 
it be carried long distances in effective condition, by reason of its rapid con- 
densation. Moreover an escape of exhaust-steam could not be permitted in 
the coal-mine, because of its tendency to soften and bring down the roof, the 
difficulty of maintaining which is already the most serious and troublesome 
part of the coal-mining operations. 

Hydraulic power might in certain cases be, and has been recently tried ; 
but its unfavourable conditions exceed its advantages for the purpose of 
cutting coal in mines, and may be put aside from present consideration. 

But in compressed air, so far as the moving power is concerned, every 
requirement is found, and from the date of the experiments at West Ardsley, 
in 1862, the question was undoubtedly settled. 

The elastic property of air under compression is an old and well-known 
power ; but until these experiments had been completed, its value was but im- 
perfectly understood, and its future beneficial influence, being dormant, was 
unappreciated. 

The engine for compressing the air is generally placed on the surface, near 
to the top of the shaft ; a receiver is fixed in close proximity thereto ; and the 
air is taken from the compressor to the receiver, which is 30 feet in length 
and 4 feet in diameter. 

The pressure is generally of about three atmospheres. 

Iron pipes of sufficient area are laid on from the receiver to the bottom of 
the shaft, and there, being split into smaller sizes, are led in every needed 
direction through the roads and passages of the mine, exactly as the gas and 
water services are laid on in our towns. 

At the entrance into the working places, a screw joint and stopcock are 
fixed to the iron air-pipe, at which point an india-rubber hose, fifty or sixty 
yards in length (as the length of the ‘‘ benk ” may require), is screwed on ; 
the other end of the hose is attached to the cutting machine ; and when all is 
in readiness, the tap at the receiver is turned on, and the air rushes down, 
and throughout the whole service of pipes. 

The air does not require to be forced from the receiver, for by its own 
elasticity it is carried forward at a velocity depending on its own pressure. 

Apparently it loses none of its power by distance, excepting the frictional 
retardation ; and machines are working nearly two miles distant from the 
air-engine without any material loss of force. 

I have no doubt that if the compressor were stationed in Bradford the 
air would travel, and the machines work by it at Ardsley (ten miles^ as 
satisfactorily as they now do by the engines on the spot. 

In calculating the cost of compressed air, I am satisfied that, although 
it is admittedly not a cheap power relatively to steam, yet there is no 
other available power so cheap or so good for the purpose of cutting coal in 
mines ; and 1 invite attention to the figures on this head which follow, viz. ; — 

With well-constructed machinery, 45 to 50 per cent, of the steam power 

N 2 
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exerted will be given off in compressed air at a pressure of three atmospheres 
into the receiver ; and this pressure is sufficient for effectually working our 
machinery. Some makers of air-engines offer to guarantee a much larger 
product ; but I base my calculations upon the smaller yield. 

If the pressure be much higher than three atmospheres, there is a material 
increase in the frictional heat disengaged by the act of compression. The 
engines do not work with the same ease ; and the result of our experience is, 
that at 45 to 50 lbs. the maximum point of economy is attained. Calculating 
its cost and taking a 40-horse-power boiler to consume 10 lbs. of coal per 
hour per horse-power, or 2 tons of engine-coal per day of 1 1 hours at 8s. per 
ton at the pit, we have a cost of 1(k<?. per day. 

It is safe to calculate that this boiler vdll drive an engine of sufficient power 
to supply four coal-cutting machines, being 4??. per day for each machine ; 
and each machine will cut more coal in any given time, and do it in a better 
manner, in an ordinaiy scam, than twelve men ; it follows, therefore, that the 
equivalent of a man s power exerted for a whole day in cutting coal, can be 
obtained, out of compressed air, at a cost in fuel of but 3^ cl. 

Assuming, then, that this comparison is an accurate one, it may be taken 
for granted that the objection to its use, on the score of cost, has no founda- 
tion in fact. 

And considering its many and remarkable properties for employment in 
coal-mines, it may be useful to dwell briefly on some of those peculiarities. 

It is a power from which, and under no circumstances, can an explosion 
happen ; and when an escape from the pipes takes place, it is more or less 
henejulal^ and not in any wise injurious. 

At ever}’ stroke of the piston the air is discharged from the cylinder of the 
coal-cutting macliine at a temperature of about freezing-point, compressed 
into one third of its natural bulk ; and it has been found that the working of 
only one machine has had the effect of reducing the tem])crature at the 
working face of the coal to the extent of two degrees Fahrenheit. 

Occasionally ice is formed at the escape valves of the machine, but with- 
out producing any inconvenience to their working. 

Now any thing that will reduce the temperature of a mine is an inesti- 
mable advantage. It diminishes the risk of explosion ; and by increasing the 
velocity of the ventilating current, it renders the occupation of a miner more 
tolerable and more healthy. 

In very deep mines the internal heat will probably be found to be so great, 
that manual labour of an exhausting character will be unendurable ; but the 
discharge of so large a volume of pure air at a pressure of three atmospheres, 
and at freezing-point, must exert a powerful and highly favourable influence 
under the peciiliar circumstances. 

It is well known that the lives which are lost through explosions of gas are 
far more numerous from the effect of the damp which follows the fire, than 
from the fire itself ; and in many cases nearly, if not all, the sufferers have 
died from this cause. 

There has been no case of fatal explosion within the experience of our 
machine workings; and therefore we have no facts upon which absolute 
reliance can be placed ; but we draw the inference, that where coal-cutting 
machinery may be in general use in any mine where an explosion of gas does 
take place, those who escape from the first effect of the fire will most pro- 
bably be saved from death. 

At a lamentable accident in this neighbourhood about two years ago, 
when thirty-one lives were lost, twenty- five or twenty-seven of those unfor- 
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tuuate persons died from the effect of the “ afterdamp ; ” two of the men 
were fortunately saved by a very small current of air which was turned upon 
them by a brattice cloth, and which supported life until they were released*. 

If the compressed air-pipes had been in those workings at that time, it is 
not unreasonable to believe that very few, if any, of those twenty-live men 
would have succumbed. 

There is another useful purpose incidental to the use of coal- cutting 
machinery in mines, which it is worth while to notice ; and that is in the 
event of ^ pit being on Jire, 

At West Ardsley a “ blown-out shot’’ ignited the gas and set fire to the 
goaf. It extended to the face of the coal, and had taken strong hold of it, 
and the whole pit was in the greatest danger. There is a large water-tank 
at the surface for supplying the boilers and coke-ovens ; and the manager 
promptly connected the air-pipes to the water-tank and turned the water 
into the fire. 

In less than an iiour the fire was completely cxtinguislied without any 
serious damage. On a previous occasion the same colliery was on fire, and 
had to be closed up. That fire eost us many thousands of pounds. It hap- 
pened before the introduction of the coal-cutting macliinery. 

Compressed air is also becoming extensively used for ‘‘ hauling,” and with 
very great advantage. Small engines can be set up wherever convenience 
or necessity may require ; they are portable and removable at a trifling 
expense, and arc available where no other mechanical power for traction 
can be obtained. 

It is also valuable for pumping water, and “ drilling ” the holes where the 
coal has to be blasted,” or broken down by the hydraulic j)ress. 

Enough has been said respecting this remarkable and diversified power to 
justify the expectation that it is the key to vast and important improvements 
upon the present system of working coal ; and bearing in mind that the 
wealth, the power, and the greatness of this nation depend primarily upon 
an abundant supply of coal, it is hardly possible to overrate the importance 
or overvalue the advantage which this power places at our disjiiosa]. 

I now turn to the consideration of the machine for cutting the coal, which 
has for several years been employed at West Ardsley without any interrup- 
tion. [A model and photograph were exhibited to show its form and con- 
struction.] The weight is about 15 cwt. for a machine of ordinary size, its 
length 4 feet, its height 2 feet 2 inches, and the gauge 1 foot 6 inches to 
2 feet ; it is very portable and easily transferred from one benk to another. 

The front and hind wheels of the machine are coupled together in a similar 
manner to the coupled locomotive engines. The “ pick,” or cutter, is double- 
headed, whereby the penetrating power is considerably increased. 

The groove is now cut to a depth of 3 feet to 3 feet 6 inches at one course, 
whereas by the old form of a single blade we had to pass the machine twice 
over the face of the coal to accomplish the same depth. The points are loose 
and cottered into the boss ; so that when one is blunted or broken, it can be 
replaced in a few moments. This dispenses with the necessity of sending the 
heavy tools out of the pit to be sharpened, and is an immense improvement 
upon the old pick. 

When all is in readiness for work, the air is admitted and the reciprocating 

* I am informed that at the accident at the Oaks Colliery, near Barnsley, in 1866, 
forty-five persons were found dead in one place, and seventy in another, who wore lost for 
want of a little air ; and it is believed that many more at that time died from the same 
cause. 
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action commences. It works at a speed of sixty to ninety strokes per minute, 
varying according to the pressure of the condensed air, the hardness of the 
strata to be cut, or the expertness of the attendant. 

As to the quantity of worlc in “ long wall,” a machine can, under favour- 
able circumstances, cut 20 yards in an hour to a depth of 3 feet ; but we 
consider 10 yards per hour very good work, or say 60 yards in a shift. 

This is about equal to the day’s work of twelve average men ; and the per- 
sons employed to work the machine are one man, one youth, and one boy, 
who remove and lay down the road and clear away the debris. 

The machines are built so strong that they rarely get out of working con- 
dition. Some of those now working at West Ardsley (and other places) have 
been in constant use for three or four years. 

At that colliery there are about eight machines in use. One of the seams 
is so hard and difficult to manage that it could not be done “ by hand,” 
and the proprietors had to abandon, and did abandon it ; but now, by the 
employment of the machines, it is worked with perfect eSse. 

It is a thin cannel seam with layers of ironstone ; and the machines now 
“ hole ” for about 1200 tons per week. 

The groove made by the machine is only 2 to 3 inches wide at the face, 
and inch at the back; whereas by hand it is 12 to 18 inches on the 
face, and 2 to 3 inches at the back. 

Thus, in thick seams worked by hand, the holing is often done to a depth 
of 4 feet 6 inches to 5 feet, and the getter is quite within the hole that he has 
made ; and w’here the coal does not stick well up to the roof, or where there 
is a natural parting, there is great difficulty and danger from “ falls of coal.” 

Referring to a section, it was observed that the angle of the cut is such 
that, when the upper portion falls off, there is nothing for it but to pitch 
forward into the road ; but by machine holing*' witli a perfectly horizontal 
groove, when the coal falls it simply settles upon its own bed, and has no 
tendency to fall forward. 

The cost of applying coal-cutting machinery is an important part of the 
question ; but it frequently happens that at old-established collieries there 
may be surplus power, which can be utilized; but supposing that everything 
has to be provided new, then the following may be taken as an approximate 
estimate of the necessary outlay : — 

2 Boilers at .£500 each £1000"^ 

1 Steam-engine 1250 | 

10 Machines at £150 each 1500 y say £5000 

Pipes, receiver, fixing and sundry other 
outgoings 

This outlay would provide all necessary power and plant for the regular 
working of eight machines, with two in reserve ; and estimating that each 
machine will cut 60 yards per day, the product in a 4-fect seam would be 
85 tons per day, or per week say 500 tons per machine ; and 8 by 500 is 
4000 tons. 

Now at this rate of expenditure and work done, an allowance of 2c?, per 
ton would in three years liquidate the entire outlay. 

But there is no reason why the machines should be restricted to a single 
shift daily ; indeed it is far more economical to work double shifts : there is 
no additional outlay of capital ; and so far as depends upon the machinery, 
the output might be easily increased to 8000 tons per week. 

We now come to the relative costs of cutting the coal by hand and by 


I . . 1250 J 
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machine ; and the following figures may be taken as representing a somewhat 
favourable state of things for the latter. 

The seam is the Middleton Main ’’ or Silkstone bed.’’ The depth of 
the mine is 160 yards, and the coal 4 feet thick ; there are two bauds of shale, 
with a thin layer of coal between them. 

The bottom portion is not always wholly merchantable ; but when it is so, 
it yields one ton and a third of a ton per running yard. For the purpose, 
however, of this comparison, I take 60 tons only per day (which would come 
out of 45 yards of machine working). 


All cut 


the end. 


The Cost by Hand. 

J30 men cutting, filling, timbering, drilling, road- 
laying, blasting, and all other needful work 
ready in the corves for the “ hurrier” at 4.?. 5|c?. 
per ton 

Er Machine. 

£ s. d. 

1 machine man at 85 . 6c/ 0 8 6 

] youth at 5s. 6c/. ] . w i . f 0 5 6 

1 Ly at 3.. (id. 1 1 t 0 3 6 

3 men cleaning and packing at 8s. 4d. . . 1 5 0 

6 men filling lU tons each man, at S^d, ] 2 i 3 

per ton J 

3 men timbering at ()S. 10c/ 1 0 (> 


3 men drilling and blowing down at 1 ^ .. 

6s. 10c/ [ ^ ^ ' 

^ portion of cost of steam and air ex- 1 2.4 0 

penses j 

Maintenance at Ic/. per ton 0 5 0 

Redemption of capital at 2d, per ton .... 0 10 0 

Difference, in money, in favour of the machine, or 
Is. 7c/. per ton 


£13 8 


The two boys, it will be noticed, are taken as equal to one man ; and for 
the purpose of another comparison, I will assume that by hand labour 
thirty men will produce 60 tons per day, or two tons each, and that by 
machine seventeen men will produce the same tonnage. The saving in 
number, therefore, would be twelve men to every 60 tons, or upon a colliery 
getting 4000 tons per week, the saving would be 132 men. 

I do not wish to press this point further than to say that the cost of 
dwellings properly to domicile one half of this number would exceed the first 
outlay of capital in furnishing a first-class colliery with first-class machinery 
for cutting the coal ; and it must not be forgotten that the equipment of the 
hand^cutters in tools forms a considerable item in the first cost of fitting up 
a colliery. 

It has been generally supposed that our machines are not adapted for 
“ pillar and stall work.” 

That their locomotion ** is not so easy as that of men,” must of course be 
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admitted ; but they are removed from place to place with little more trouble 
than a full corve ; and we have recently made some careful experiments, which 
prove that there is in pillar and stall ” about equal advantage as in ‘‘ long 
wall ; and we can confidently assert that the opinions upon the difficulty of 
moving them which have been recently enunciated from high quarters are 
quite erroneous. 

The items of cost in working contained in the previous account, are con- 
fined to the actual working of the two systems, up to the coal being put into 
the corves, and ready for being sent out of the pit, all the other work, 
whether for hand or machine, being exactly alike. 

But there are some advantages in the machine over the hand-working, 
which pertain to the general mine account, viz. the larger size of the coal 
brought out, and an increased average price, on sale, with a saving in timber 
and other stores. 

I may say in conclusion, that, putting aside entii'ely all reduction in 
the cost of getting out the coal, there are other and collateral considera- 
tions which are, in my opinion, sufficiently important and worthy of your 
attention. 

I now recapitulate the most prominent points upon which I rely, viz. : — 

1. Greater safety for the workmen from falls of coal and roof. 

2. Less danger of explosion, and greater security against the effect of 

choke damp. 

3. Less strain upon the physical powers of the labourers, and great 

amelioration in the hard conditions of their employment, conse- 
quently adding to the comfort and length of their lives. 

4. Saving from destruction much of the most valuable of all our com- 

modities. 

5. Saving of timber and other materials cniidoycMl in mining. 

6. Increased control over production, enabling sudden demands to bo 

suddenly met. 

7. Preparing for other important improvements in mining, without any 

addition to the first outlay, such as drilling, hauling, and pumping. 

8. The peculiar adaptability of the means set forth for working the very 

deep seams of coal, without which it is very doubtful whether they 

can ever be profitably worked. 

9. Greater saving of time in opening new pits, and quickening the 

means of such becoming remunerative. 

Considering the vast extent of the trade in coal and the stupendous con- 
sequences of a short and insufficient supply, and believing that the speediest 
adoption of coal-getting machinery is desirable, I have myself made some 
efforts to stimulate that object by an offer of a premium of ,£500 for the best 
machine that could be produced ; but those efforts have failed, and I now 
submit that the question, being of national importance, is one specially 
entitled to the support and encouragement of the Government, and that the 
British Association is preeminently the channel through which that object 
could be obtained in the best manner. 
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Concluding Report on the Maltese Fossil Elephants, 

By A. Leith Adams, M,B,, F,R,S,y F.G,S, 

It is with much pleasure I have to announce to the members of the Asso- 
ciation that my labours in connexion with the fossil elephants of Malta have 
been completed. 

It is now thirteen years since these researches were begun ; and although 
frequently interrupted by other engagements, the importance of the subject 
has all along stimulated me to make every sacrifice within my power in 
order to accomplish a work of so much scientific interest. The monograph 
descriptive of the elephantine remains discovered by me was read at the con- 
cluding meeting of the Zoological Society of London in June last, and will 
appear in due course in the Transactions of the Society. 

It is illustrated by a map and 21 Quarto plates. In my Second Report in 1866, 
drawn up immediately after the termination of my explorations, I was dis- 
posed towards an opinion that the exuviae I had brought together represented 
only one form of Elephant, distinct from any known member of the genus, 
and somewhat under the ordinary dimensions of the living species. Subse- 
quent examinations, however, showed, in addition, that there were good 
indications of the presence of the two dwarf elephants previously determined 
by Dr. Falconer and Mr. Busk, from the collection made by Capt. Spratt in the 
Zebbug Cave in Malta in the year 1 859. 

Ist. With reference to the largest species. This is represented in my col- 
lections by nearly the entire dentition and many bones of an elephant which 
varied in height between 6| and 7 feet. The last figure, however, represents 
the maximum proportions as far as I have been enabled to determine from 
my own specimens and from all other remains hitherto discovered in the 
island. It is apparent, therefore, that the largest Maltese fossil elephant 
was, comparatively speaking, a small animal. The dental specimens I have 
assigned to this species arc very numerous, and for the most part perfect. 
They represent every stage of growth, from the first to the last, showing what 
appears to me an unbroken series of molars which display the progressive 
succession of ridges characteristic of the subgenus Loxodon, and are therefore 
allied to the existing African elephant, from which, however, they differ not 
only in relative dimensions, hut also in well-marked specific characters. 

The ridge-formulac of the deciduous and true molars of this species seem 
to me to stand thus * : — 

Milk-Molars. True Molars. 

X 3 X : X 6 X : X 8-9 x ; : x 8-9 x : x 10 x : x 12-13 x. 

From these figures it will be apparent that the nearest alliance as regards 
the ridge-formula would be to the gigantic Loxodon meridionalis, whilst the 
crown sculpturing of the molars resemble the same in Elephas antiquus ; but 
they do not agree in further particulars with other species excepting the 
Elephas melitensis, to which I will refer presently. With reference to the 
skeleton generally, the majority of the characters of the long bones are more 
in keeping with the African than the Asiatic elephant. 

The presence of this larger species of elephant, in conjunction with the 
dwarf forms, was pointed out by Dr. Falconer, and subsequently by Mr. 
Busk ; but their specimens were much too fragmentary to allow of specific 
determination, a want, however, which is amply supplied by the materials 
collected by me. 


X stands for talons. 
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In the choice of a name for this proboscidian I have been prompted by 
considerations purely incidental, inasmuch as the gap or rock-hssure from 
which I obtained the most perfect specimens of its teeth and bones is situ- 
ated in the immediate vicinity of a remai'kable mcgalithic structure supposed 
to have been built during the Phoenician occupation of the Maltese Islands. 
I have accordingly named this new species the ElepJuis mnaidriemis. 

2nd. The dwaif species named Elepluas melitensis by Falconer and Busk is 
well shown in my collection by many important bones, besides what appears 
to me to be the entire dental series. This species seems to have varied con- 
siderably in size ; indeed it would appear to link the two extremes represented 
by the Elephas mimidnensis and the smallest form, EkpJias Falconeri. The 
majority of the bones indicate, however, that its average height may 
have been nearly 5 feet, as previously estimated by Dr. Falconer and Mr. 
Busk, from the Zebbug collection. The dentition of Elejdias melitensis^ as 
determined by Falconer, receives ample confirmation from the data furnished 
by my collections, the ridge formula being : — 

Milk Molars. True Molars. 

x3x: x5x:x8x. x 8-9 x : x 9-10 x : x 12 x. 

The only discrepancy between our estimates is an additional ridge in the 
penultimate true molar of my specimens, which it may be observed is not a 
rare occurrence in the equivalent tooth of the African elcjhant. It is clear 
therefore that, like the larger form, the above belonged to the Loxodon 
group, with a ridge-formula almost identical to that of E. 7n7iaidriensiSf ex- 
cepting in the penultimate milk-molar, which in the former holds 5 instead 
of 6 plates, besides talons — a distinction maintained in various specimens in 
my collection. 

The crown-patterns of worn molars in the two elephants are also veiy^ much 
alike ; but the relative dimensions of teeth of equivalent stages of growth 
dififer a great deal, indeed more so than perhaps in large and small indivi- 
duals of any known species. 

Again, we find thick- and thin-plated varieties among the last true molars 
of both forms, just as obtains in other species ; so that, taken in conjunction 
with the bones, it seems to me that they cannot be reconciled with sexual 
or individual peculiarities of one species of elephant. 

3rd. The smallest adult bones in my collection represent a very diminu- 
tive elephant. In some instances, as compared with other species, there are 
evidences of individuals even under 3 feet in height. With reference to 
dental materials, there is some variety in dimensions of molars ascribable to 
the Elephas melitensis ; but, allowing a fair margin in this respect, and taking 
into consideration their absolute similarity in every other particular, it seems 
to me impossible to make out a third species from the teeth alone. There 
are, however, vertebrae and other bones which fairly establish the pigmy 
proportions of the Elephas FalconeH of Busk ; at the same time there is no 
difficulty in arranging a graduated series of specimens, from the smallest up 
to the largest bones ascribable to the Ekphas melitensis. 

But whilst the differences in size between the two dwarf forms are not so 
great as usually obtains between large and small individuals of living species, 
there is a remarkable dissimilarity in this respect between the largest specimens 
representing the Elephas mnaidriensis and the smallest of Elephas Falconeri ; 
indeed the estimated height of the former shows an elephant nearly three 
times as tall as the latter, thus displaying a range much exceeding any 
known instances of individual vajiation among recent and extinct species. 
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I am thus particular to record these facts in order to show what appears to 
me evidence that the dwarf forms were not females or small individuals of 
Elejjhas mnaidriensls, although the latter was, comparatively speaking, a small 
species, and agreed, at all events, with Elejphas melitensis in many important 
particulars. Unless, therefore, a far greater variability of species existed in 
those times than at present, after making every allowance for size and other 
characters, I see no avoiding the inference the materials force on us, viz. 
that there lived in the Maltese area two, if not three, distinct species of 
elephants different from any known forms. It is necessary to say a few 
words with reference to their associated fossil fauna. In the first place, all 
the elephantine forms have been found in the same deposits, and usually in- 
termingled. Along with them we find bones and teeth referable to the jETijp- 
popotamus Pentlamli and H. minutus. The former has been met with in great 
abundance in the island, whilst only a few teeth and other portions of the 
skeleton of the latter have turned up. Here again we observe a great varia- 
bility in dimensions ; indeed in this respect these two riverhorses resemble 
the largo and pigmy forms of the elephants ; and although the former have 
been found in a fossil state in Sicily and Crete in conjunction with other 
mammals, this is not the case with the giant dormice and large extinct swan, 
which have hitherto turned up nowhere out of Malta. I may state that the 
Reptilian remains found by Admiral Spratt and myself in union with these 
quadrupeds and birds have not, as a whole, been critically examined ; but, in 
consideration of the importance of the subject, I am in hopes of seeing this 
accomplished soon. 

The moUusca found in connexion with foregoing represent several recent 
species, which have been already noticed in my first Report for 1865. 

It must be apparent, therefore, that this (for the most part) unique fossil 
fauna, restricted to a small mid-ocean island, presents several interesting 
contrast s with reference to the Mammalia in general, and elephants in par- 
ticular, which frequented Europe during late geological epochs. For example, 
between Rome and Sicily we find remains of the EJephasp)rhnigenius^ Elephai 
antiquus, and Ehjdias meridionniis. In the caves of Sicily traces of the 
African elephant have been discovered, and also molars, barely distinguish- 
able from those of the Asiatic species, and which, under the name of Elephas 
armeniactiSf are traeeable eastward into Asia Minor, in the direction of the 
present habitat of the living species. It looks, indeed, as if the eastern 
basin of the Mediterranean had been at one time a common ground where all 
these extinct and living elephants met, and whence, with other animals, 
they have disappeared or been repelled to distant regions. 

In fine the importance of late discoveries in this area, and the circumstance 
that the explorations have been hitherto restricted to isolated points along 
the shores and islands of the great inland sea, promise well for future re- 
searches ; indeed I might be permitted to say that if one quarter of the super- 
fluous zeal and energy of the rising generation of English geologists were 
directed towards the ossiferous deposits of Southern Europe and Northern 
Africa, we should not have long to wait for novelties equally interesting with 
any yet produced. 

In conclusion, I beg once more to express my deep obligations to the 
British Association for the valued assistance extended to me not only during 
the prosecution of the explorations, but also with reference to the illustration 
of the various and interesting materials I have described at length in my 
memoir, of which this is but a brief abstract. 
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Report of the Committee, comisting of Professor Ramsay, Professor 
Geikie, Professor J. Young, Professor Nicol, Dr. Bryce, Dr. 
Arthur Mitchell, Professor Hull, Sir R. Griffith, Bart,, Dr. 
King, Professor Harkness, Mr. Prestwich, Mr. Hughes, Rev. 
H, W. Crosskey, Mr. W. Jolly, Mr. D. Milne-Holme, afid Mr. 
Pengelly, appointed for the purpose of ascertaining the existence 
in different parts of the United Kingdom of any Erratic Blocks or 
Boulders, of indicating on Maps their position and height above the 
sea, as also of ascertaining the nature of the rocks composing these 
blocks, their size, shape, and other particulars of interest, and of 
endeavouring to prevent the destruction of such blocks as in the opi- 
nion of the Committee are worthy of being preserved. Drawn up by 
the Rev. H. W. Crosskey, Secretary, 

The Royal Society of Edinburgh has appointed a Committee for the special 
examination and description of Boulder or Erratic Blocks in Scotland ; and it 
will therefore not be necessary for this Committee to include Scotland in its 
investigations. 

Throughout England and Wales boulders and groups of boulders are 
scattered, among which the work of destruction is constantly going on. 
Groups of boulders are removed from the fields and built into walls ; laj’go 
boulders are frequently blasted ; and during these operations the signs of ice- 
action are either rendered obscure or entirely removed. 

The geological importance, however, of obtaining the exact facts respecting 
the distribution of travelled boulders is increasing with an extended knowledge 
of the very complicated character of the phenomena of the glacial epoch. The 
dispersion of boulders cannot be traced to one sbKjle period of that great epoch. 

Prof. Ramsay has pointed out that transported blocks have travelled in 
some instances over land higher than the j^arent beds from which they 
have been derived, thus aflPording support to the theory that oscillations of 
the land took place during the one great glacial period, which would neces- 
sarily be accompanied by a series of dispersions of boulders*. 

The distances of the boulders from the rocks from which they were de- 
rived, the heights over which they have passed and at which they are found, 
the matrix (if any) in which they are imbedded, whether of loose sand, 
gravel, or clay, will form elements in determining at what period in the gla- 
cial epoch their distribution took place. 

As the dispersion of boulders cannot be traced to one single period, 
neither can it be referred to one single cause. 

The agency of land-ice, the direction in which icebergs would float during 
the depression of the land, the power of rivers in flood to bring down 
masses of floating ice, must be taken into account. 

It will not be the office of this Committee to ofler theoretical explanations, 
but to collect facts, although the bearing of these facts upon debatable geo- 
logical problems may from time to time be not unjustly indicated. 

While the dispersion of boulders can neither be traced to one single 
period nor referred to one single cause, in some cases boulders distributed at 
different periods and by different causes may have become intermixed. This 
possibility, of course, largely adds to the complexity of the problems in- 
volved, and to the difficulty of assigning to various isolated boulders and 
groups of boulders their definite place in a great series of phenomena. 

The following circular has been distributed by the Boulder Committee of 
the Royal Society of Edinburgh 

* Quart. Jourii. Geol. Soc. vol. xxix. p. o60. 
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^ If there are in your Parish any Erratic Blocks or Boulders,— i, e. Masses of Bock 
evidently transported from some remote locality, and of a remarkable size, say containing 
above 10 cubic yards — i. e. about 20 tons, — please to answer the following Queries : ‘ 


Queries. 

1. What is name of the Parish, Estate, and 1 
Farm on which Boulder is situated, 
adding name of Proprietor of Estate, 1 
and Tenant of Farm ? J 

Answers. 

2. What are dimensions of Boulder, in 

length, breadth, and height, a^ve 
ground ? 

3. Is the Boulder, in shape, rounded or 

angular ? 

1 

[ 

4. If the Boulder is long-shaped, what is " 
direction by compass of its longest 
axis ? 


5. If there are any natural ruts, groovings, ^ 
or striations on Boulder, state — | 

(1) Their length, depth, and number 1 

(2) Their direction by compass | 

(3) The part of Boulder striated, viz. j 

whether toji or sides ) 

C. If the Boulder is of a species of rock ^ 
differing from any rocks adjoining it, 
state locality where rock of the same 
nature as the Boulder occurs, the dis- \ 
tance of that locality, and its bearings | 
by compass from the Boulder ? ) 

! 

7. What is the nature of the rock com- '] 
posing Boulder, giving its proper Geo- i 
logical or Mineralogical name, or other 
description ? J 


8. If Boulder is knowm by any popular 1 
name, or has any legend connected 
with it, mention it. J 


9. Wliat is the height of Boulder above ] 
the sea ? J 


10. If Boulder is indicated on any map, 1 
state what map. i 

11. If Boulder is now, or has been, used to 
mark the boundary of a County, Parish, 
or Estate, explain what boundary. J 

1 

12. If there is any photograph or sketch of 1 
the Boulder, please to say how Com- 
mittee can obtain it. J 


13. Though there may be no one Boulder ' 
in your Parish so remarkable as to 
deserve description, there may be 
groups of Boulders oddly assorted; 
if so, state where they are situated, and 
how grouped. Sometimes they form 
lines more or less continuous, — some- 
times piled up on one another. ^ 

h 

14. If there are in your Parish any “Kames,” 1 
or long ridges of gravel or sand, state 
their length, height, and situation. J 
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It is proposed by the Committee to issue a similar circular, with some 
modifications, to Secretaries of Field-clubs and local Geological Societies in 
England and Wales, and others who may be willing to assist in their work. 

The Committee would especially invite the cooperation of the various 
field-clubs of England and Wales, whose members, in their various excur- 
sions, enjoy singular opportunities of becoming acquainted with the boulders 
of the country. 

Chaenwood-Forest Boulders. 

The railway -cutting at Hugglescote, a,pi)roachiiig Bardon Hill, passes 
through an immense number of striated and polished boulders. Mr. Plant, 
of Leicester (who has investigated the boulders of this district, and furnished 
us with considerable information), describes this cutting at Hugglescote as 
30 feet deep. The drift-gravel is a hard cemented mass, with hundreds of 
erratics, at all heights, sticking not on their longer faces, but sometimes on end, 
distinctly proving that the ice melted in situ, and left the materials to find 
their own bearings. One, of which he saw the fragments, had to be blasted 
to get it out, and was estimated by the engineer to weigh 10 tons. 

All the boulders (except one, a peculiar millstone-gnt) were derived from 
the CharnVood-Forest range, the most travelled from a distance of 30 miles, 
the nearest about 2 miles. 

Some of the boulders were upwards of 5 tons in weight, and were striated 
and polished frequently on more than one side. Many were angular and 
subangular. They were very irregularly dispersed through an unstratified 
matrix of sand and clay. 

The whole distance from the vast accumulation in the cutting to Bardon 
Hill, the nearest point of Charnwood, a distance of about 2 miles, is covered 
with trails of boulders. 

The jagged edges of the Bardon-Hill rock, 854 feet above the sea-level, 
indicate the way in which boulders would be broken off, supposing the hill 
itself covered with ice. 

During some part of the glacial epoch Charnwood Forest was evidently a 
centre from which highly glaciated boulders were distributed. 

Mr. Plant reports that a great south front of igneous rock has been broken 
down and distributed, east, south, and south-west, 10, 15, and 20 miles, in 
direct lines. 

An area of 10 miles N.N.W. and 20 miles H.S.E. and 8.W., is covered 
with boulders derived from Charnwood Forest, from 2 cwt. up to 10 ions. 

Centuries of cultivation (he adds) have been occupied more or less in clear- 
ing the surface of those boulders. They are still found in great numbers, 2 
to 3 feet deep ; but the surface -boulders are found in the walls of village 
houses, churches, farm-houses, and other old structures, all over the county. 

Four large blocks from the railway-cutting at Hugglescote have been 
removed, and placed in the grounds of the Leicester Museum. One of these 
is a fine example of a polished rock, and is full of ice-grooves. Its dimen- 
sions are : — 6 ft. high, 3 ft. 2 in. broad (or thick), 3 ft. wide ; weight nearly 
4 tons. It consists of “pori)hyritic greenstone” from Charnwood Forest, grey 
felspathic base (dolerite), with ciy^stals (| to f on face) of quartz. Through 
long chemical action in the drift the felspar has been decomposed, and left 
the crystals standing out all over the surface, except on the polished side. 
The other three blocks are nearly of the same size and composition. 

It is intended to remove other blocks to the museum-grounds for preser- 
vation. 
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Chamwood Forest and other Boidders, beneath marine sands and gravels, 
357 feet above the sea. 

At the base of Ketlcy gravel-pit, near Wellington (Shropshire), is a bed 
of very fine sand, containing a remarkable group of large angular and sub- 
angular boulders. 

The sands and gravels extend to heights of from 25 to 30 feet, and yielded 
13 species of mollusca, chiefly in fragments. 


Cardium edule, Linn. 

echiiiatum, Lhin. 

Cjprina islaiidica, Linn. 
Astarte borealis, Chemnitz. 

sulcata, Da Costa. 

Tellina balthica, Lmn. 
Mactra solida, Linn. 


Dentalium ? ery worn). 

Tiirritella terebra, Linn. 
Natica groenlandica, Beck. 
Eucciniim undatum, Linn. 
Trophon truncatus, Strom, 
Nassa reticulata, Linn. 


It will be observed that only one of these species is extinct in British 
waters, viz. Astarte borealis. 

Throughout the sands and gravels waterworn pebbles are found, with 
occasional masses of larger size, composed of the same material as the larger 
boulders beneath. 

Beneath the marine sands and gravels some of the boulders are 8 feet by 
5 feet, and their sides are planed very smoothly, and they have a subangular 
shape. 

Out of 100 specimens, 80 per cent, consist of Permian sandstones from 
the immediate neighbourhood. 

From the immediate neighbourhood also there are boulders of 

Mountain Limestone. I Silurian Limestone. 

Old Red Sandstone. 1 Greenstone. 

The travelled boulders consist of 

Various granites, both red and grey (very numerous), probably from Cumberland or 

Scotland. 

Rocks of Chamwood Forest, from a distance of 50 miles. 


One remarkable feature of this group of boulders is the intermixture of 
boulders from the neighbourhood with those that have travelled from different 
points of the compass, the whole group being buried beneath marine sands and 
gravels, at the elevation of about 3 g 0 feet above the sea. The elevation of 
Ketley village is 357’31 9 feet above the sea. 

For the boulders of the neighbouring drift of the Severn valleys reference 
may be made to an exhaustive paper by Mr. G. Maw (Quart. Journ. Geol. 
Soc. vol. XX. p. 130). 

The Geological Section of the Birmingham Natural-History Society has 
commenced a systematic examination of the boulders of the Midland district, 
and has favoured the Committee with the following preliminary Report : — 
The Ordnance Maj) of the neighbourhood of Birmingham has in the first 
place been divided by ruled lines into squares of one inch side, each square 
enclosing a representation of one square mile of country. Enlarged maps, on 
the scale of six inches to the mile, were prepared from this ; and on these 
enlarged maps the boulders were to be marked by circles, the number of 
concentric circles representing the diameter of the boulder in feet. For col- 
lecting specimens of the rocks of which the boulders are composed, bags were 
made, and numbered corresponding to each square on the map ; at the same 
time notes were to be made of any specimen that was of unusual interest. 
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Finally, it was proposed to reproseut, on a duplicate map, the number of 
boulders and character of the rocks by disks of colour, so that a graphic re- 
presentation of the boulders, as to position, numbers, and kind of rock, would 
be given, and the source of any class of boulders (as granite e. g.) could be 
readily traced. It was further proposed to number a rough relief-map of the 
district, so as to judge in what way the configuration of the country had 
aflTeeted the distribution of the boulders. 

“ Considerable information has been already obtained, of which the follow- 
ing is a summary : — 

A difficulty was experienced in defining the term boulder ; and, after 
much discussion, it was thought that for the district the following definition 
would serve : — ‘ A boulder is a mass of rock which has been transported by 
natural agencies from its native bed.’ Uespecting the size at which a rock 
may be called a boulder, it is thought better not to assign any very definite 
limit. Some specimens, measuring not more than a foot in some one direc- 
tion, are both transported from great distances and glaciated, and fairly fall 
into the category of boulders. 

“ Distribution of the Boulders , — The district has not as yet been sufficiently 
examined to report fully on this question. There are unquestionably some 
places where great accumulations have taken place, separated by country 
with only a few boulders per square mile. The places where large accumu- 
lations (a thousand or so) occur, as far as has yet been ascertained, are ; — 

1. Tettenhall. 2. Bush bury. 3. Cannock. 


Places where moderate accumulations 
occur ; — 

Penkridge. 

Shareshill. 

Brewood. 

Codsall. 


(50 to lUO or 2o0 per square mile) 

Stone. 

Shifnall. 

Harborne, near Birmingham. 
Bridgenorth. 


“ The southernmost point where boulders have been observed is on the left 
of the lane leading from Broinsgrove Station to the town, the most eastern 
at Eugeley, where only two or throe occur. 

It has been suggested that the cause of accumulations of boulders is due 
to the stranding of an iceberg at the place in question ; but at present there 
is not sufficient evidence to form any satisfactory opinion as to the cause of 
the accumulation. 

“ The boulders of the Midland district seem originally to have been im- 
bedded either in clay or drift-sand ; but it is quite the exception to find them 
in situ. They seem commonly to be disturbed by farmers in the district, who 
meet with them when ploughing. If the boulder be of manageable size, it 
is at once dug up and turned into the nearest ditch, or sometimes is buried, 
or, it may be, carried to the road-side, and broken up for road -purposes. 
Farmers find some of the boulders useful as horse-blocks, or for protecting 
gate-posts or the comers of walls and buildings ; and it is thus that many 
are preserved. If the boulder be a very large one, it is generally left in the 
ground, and the plough carried on each side of it. Since a plough may pass 
over a boulder several times before the men will take the trouble to remove 
the obstruction, there is every chance for the boulder to become marked by 
striations ; and hence much care is required in forming a judgment as to the 
origin of striae which may be found upon it. It should be mentioned here 
that boulders gradually ‘ work up’ to the surface. This is duo no doubt to 
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the denudation which is taking place. In a field near Red-Hill Farm, be- 
tween btafford and Stone, is one of the largest boulders of the districts This 
boulder was not noticed until some twenty years ago, when it was found to 
obstruct the plough, although still some depth underground. The obstruc- 
tion became more and more serious each year, until a few years ago, when, 
because of this impediment, the field was turned from an arable to a grazing 
one. At this time the boulder rises about one foot above the level of the 
field. The part exposed measures 6 feet by about 5, and evidently extends 
under the turf for a much greater distance. This boulder is composed of 
the grey granite of which so many other boulders in the neighbourhood 
consist. 

“ The boulders consist mainly of white granite and of felstonc ; but many 
other rocks occur, as may be seen by inspecting the specimens collected. In 
the neighbourhood of Tettenhall there is a large percentage of granite boul- 
ders ; but south of here there are very few indeed, the boulders being mainly 
of felstone. In the Harborne district only one granite boulder has been 
observed, while there are a hundred or so boulders of other rocks. The 
contrast between the immense accumulation of granite boulders in the 
Wolverhampton district and their comparatively small size and rarity around 
Birmingham is most remarkable."’ 

Grarute Boulder on the shore of Barnstajole Bay, North Devon. 

Mr. Pengelly reports the following particulars respecting this boulder, 
upon which the raised beach on the northern side of Barnstaple Bay rests. 

8o far as it is visible, it measures 7*5 x 6 x 3 ft., and. therefore, containing 
upwards of 135 cubic feet, cannot weigh less than 10 tons. 

It appears to have been first described by the late Rev. D. Williams, in 
1837, as “ fiesh-coloured, like much of the Grampian granite ” and, in his 
opinion, “ neither Lundy, Dartmoor, nor Cornish granite.” 

In 1866 Mr. Spence Bate, believing that very similar granite existed in 
Cornwall, expressed the opinion that it was not necessary to go so far as 
Aberdeen, but that some transporting power must have been required to 
bring it even from the nearest granite district, and that it without doubt 
occu])ied its present x><^sition before the deposition of the beach resting 
upon it. 

Recently Mr. Pengelly has been informed that red granite occurs on 
Dartmoor, and therefore has no disinclination to say, with Mr. Bate, that we 
need not go as far as Aberdeen to find the source of the boulder, although it 
nevertheless may have come from the Grampians. 

Assuming that the block may have come from Lundy, twenty miles towards 
the west, or down the valley of the Torridge from the nearest point of Dart- 
moor, thirty miles oft* as the crow flies, its transport in either case must have 
been due to more powerful agencies than any now in operation in the same 
district. Between Barnstaple Bay and Lundy there are upwards of 20 fathoms 
of water, a depth at which no wave that ever entered the Bristol Channel 
would probably ever move the finest sand. 

Again, as the highest part of Dartmoor is but 2050 ft. above mean tide, 
a straight line from it to where the boulder now lies would have a fall of 
1 in 77 only, down which the Dartmoor floods would certainly not transport 
a rock upwards of 10 tons in weight. 

The foregoing considerations apply, of course, with at least equal force to 
the hypothesis of any more distant derivation. 

That such a block might have been brought from Dartmoor down the Tor- 
1873. 0 
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ridge to the place it now occupies, had the actual heights been the same as 
now and the climate as cold as that of Canada at present, will ho ob- 
vious to every one conversant with that country. It is only necessary to 
suppose that the block fell from a cliff into a stream where the water was at 
least sometimes of sufficient depth that when frozen round the mass the latter 
would be lifted by the buoyancy of the ice. On the breaking up of the ice 
the floods would transport the rock so long and so far as its ice-buoy was 
capable of supporting it ; and though the distance accomplished in a single 
journey might, and probably wouhl, be inconsiderable, by a repetition of the 
process season after season it would become equal to any assigned amount. 
Blocks of great size have been in this way transported in Canadian rivers for 
100 miles or more. Again, were Lundy Island capable of generaiing a 
glacier and launching it into the sea as an iceberg, there would bo no diffi- 
culty in supposing that any number of boulders might be transported thence 
to the mainland of Devon. 

In short, whether the boulder came from Dartmoor or Lundy or any more 
distant source, it must have been transported by iee-actioii ; and hence its 
presence where it now lies is good evidence of a climate in this country much 
colder than that which at present obtains. 

From the foregoing considerations it will bo seen that, if the mass were 
ice-borne, the land could not have been higher above the sea during the era 
of the boulder than it is at present. There is nothing, however, to prevent 
its being lower. The boulder may have been droj)ped by an iceberg on or 
near the spot it now occupies when that spot was covered with deep water. 
The only stipulation to be made on this i)oint is, that the land which 
furnished the mass v as capable of su])])lying it with an ice-body. 
For example, if the boulder was derived from Dartmoor, J)evonshire as a 
whole could not have been any thing like 2050 ft. lower than at present; for 
that would have been to submerge the entire country, whereas there must 
have been subaerial laud sufficient to form the ice-ruft whose buoyancy 
floated the boulder. 

It is hoped that the steps proposed to be taken by the Committee will 
enable the boulders of one or tw'o districts at least to be systematically 
mapped, and the existence of other such r(‘markable boulders as tlic granite 
boulder on the shore of Barnstaple Bay to be recorded. Any attempt at 
systematic classification, however, must necessarily be deferred until the facts 
are more largely accumulated. 


Fourth Report on Earthquakes in Scotland, dravm up by Dr. Bryce, 
F.G,S, The Committee consists of Dr. Bryce, F.G.S., Sir W. 
Thomson, F,R,S,, Geo. Forbes, F.R,S.E,, and Mr. J. Brough. 

The conjecture hazarded in last lieport, that ‘‘ the state of quiescence 
therein referred to was “ not likely to continue,’’ received a speedy fulfil- 
ment. In a postscript to the Beport, wLich was not, how^ever, forwarded 
in time to be read at the Meeting, it was noticed that “ while the Associ- 
ation was in Session at Brighton an earthquake of considerable severity ” had 
-“occurred in the Comrie district and in April of the present year another 
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took place in the south of Scotland. Of these an account has now to b© 
given. — A few days after the occurrence of the earthquake, the Member of 
Committee resident at Comrio communicated with me ; and having seen in 
the newspapers notices of other places where the earthquake had been felt, 
I entered into correspondence with gentlemen in the various districts. In 
the end of September I visited several of these districts, and made inquiries 
in person. From the facts tlius made known to me the following account 
has been drawn up ; but before proceeding with it, I have to express my 
obligations to the following gentlemen for the kind mariner in which they 
complied with my retiuest, and communicated at once all the observa- 
tions made by thoms(dves, and facts collected from others on whom they 
(iould dcj)end : — Dr. Campbell and Itev. James Muir, Bridge of Allan ; llev. 
William Blair, Dunblane ; Mr. J. Stirling IIome-Drummond, of Ardoch, 
Brac^o ; Dr. William Bryce and Mr. David Cousin, both from Edinburgh, the 
form(*r liappening to be at (/licff at the time, and the latter at Bridge of 
Allan; Mr. B. Macfarlanc and Mr. J. Brough, Comrie ; Sir David Dundas, 
of Dunira, Comrie ; and llev. J. E. II. Thomson, B.D., Blair Logie. Dr. 
CampbelTs evidence is esp( cially valuable, as he resided for some time in 
Upper Strathcarn, where oarth(]uakes are of frequent occurrence and were 
often exj>erienccd by him, and as he is in the constant practice of accurate 
every-day observations of meteorological instruments for a register kept by 
him at the usual hours. Mr. Macfarlane and Mr. Brough at Comrie possess, 
of course, like advantages. Mr. Cousin also had the advantage of previous 
experience in observations of this kind, an earthquake having occurred while 
he was resident in Algeria. A similar advantage was enjoyed by the Hev. 
J. E. H. Thomson ; at the instant when the shock occurn d he was in con- 
versation in his own house with two ladies, one of whom had resided for 
some years in Valparaiso, where earthquakes are of very’ common occurrence, 
as is well known. 

The earthquake took place on the 8th of August, 1872, at from S"' to 10’" 
past 4 o’clock in the afternoon. The day was wai'm and perfectly still. In 
the early part of the day there had been alternations of a cloudy and clear 
sky ; but at the hour mentioned only the western part of the horizon showed 
cloudy masses, the sky overhead and eastwards was free from cloud of any 
kind. The barometer rose slightly during the day, from 29*800 at 10 a.m. 
to 29*975 at 10 r.M. The maximum temperature of the day, in the shade, 
was G4°*3 F. ; the minimum temperature of the night preceding was 53°*8 F., 
of the night following F. No perceptible change in the temperature or 
character of the atmos])hcro as to wind and cloud took place after the shock. 

The successive phases, according to almost all the observers, were : — a 
noise or sound, loud, heavy and rumbling; a shock with a shaking and 
rattling of objects ; and a wave-like motion of the ground. The noise or 
sound is compared to the sound of thunder, to that made by a heavy waggon 
on a stony street, to the emptying of a cart of small stones or rubbish, to 
the noise one hears when under a bridge over which a heavy train is pass- 
ing. Many who were within doors supposed that a heavy piece of furniture 
had fallen on the floor of an adjoining room. A clergyman was standing on 
the hearthrug in his study, and, hearing a sudden noise or crash, imagined a 
chimney-stack was falling, and rushed instantly into a position of safety. 
Finding this surmise incorrect, he referred the noise to the fall of a ward- 
robe in the next room. This surmise also proving incdrrect, he went imme- 
diately down stairs and found his servants panic-stricken. In the nursery 
the nurse had rushed to the window and screamed in alarm to her mistress,. 

0 2 
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who was in the garden. So strong, indeed, and concurrent is the evidence 
on this point that no doubt can remain about it, in regard to almost all the 
localities from which communications have been received ; the slight discre- 
pancy among the witnesses to the fact may be accounted for by some of 
them being resident on a soil composed of soft alluvium, and others upon a 
rocky surface. Some of the witnesses notice that the sound was instanta- 
neously repeated with even greater violence. 

The shock instantly followed the noise or sound ; and its occurrence was 
marked in many ways : houses were shaken, doors and windows made to 
rattle, suspended objects to oscillate ; in one house bells were set a-ringing 
with violence, in another they were strongly agitated ; jugs, basins, and 
water-glasses in bedrooms, apothecaries’ bottles, phials, and pots, the glasses 
in the pump-room at Bridge of Allan Spa were heard to knock against one 
another and seen to move ; a chimney-mirror, loosely fastened, was thrown 
down ; and chimney ornaments were dashed upon the floor. 

Next succeeded that most appalling of all the attendant circumstances of 
an earthquake, the sensation as of a heaving imjnilsc or wave, giving the 
idea of a crest and declivity, instantly followed by a double vibration, the 
■whole duration being from three to four seconds. The statements of the ob- 
servers (as made known in the various reports) on whom one feels that most 
reliance is to be placed from their luevlous experience, habits of close ob- 
servation, and the circumstances in which they were jdaced at the time, 
all go to show that the undulation came from a direction W. or N.W., some 
observers making the direction exactly opposite by not distinguishing the 
first impulse from the recoil or restoration of the wave-surface. One ob- 
server, on whom the utmost reliance can be placed, had the most distinct 
feeling of vertigo or dizziness arising from the undulation, a sensation so 
strong that a few moments’ continuance of it would have produced nausea — 
a strong testimony to the reality of the wave-motion. 

The extent of country throughout which this earthquake was felt is 
greater than that of any which has occurred since this inquiry was under- 
taken. The limits are marked by Stirling and Blair Logie on the S.E., and 
St. Fillans on Loch Earn and Glen Lednock on the N.\V. The shock was 
feebler at these limits than in the parts intermediate, as Bridge of Allan, 
Dunblane, Greenloaning, Ardoch, and Crieff. In regard to the breadth of 
country agitated, I have been unable to determine that it extended more 
than two or three miles from the valley of the Allan Water, the concussions 
recorded being greater to the east of that valley than in the opposite direc- 
tion, while in the village of Doune, four miles west, they do not seem to 
have been noticed. The want of self-recording instruments, the extreme 
difficulty of determining the exact instant of the occurrence of an event so 
sudden and startling, render it impossible to attempt any definite statement 
as to the progress of the wave, which, so far as instrumental indication can 
serve us, seems to have emanated from near Comrie. All the observers who 
have attempted to specify an exact time have, to all appearance quite inde- 
pendently, agreed that it was, as above stated, at 10”' past I*' r.M. Persons 
trained to observe, or self-recording instruments, alone can furnish reliable 
data in such a case for indicating the time occupied in the undulation pass- 
ing from point to point. The intensity upon the Comrie scale, which ranges 
from 1 to 10, was of a medium force, about 4. 

The geological formation of the tract of country embraced within the 
above limits varies greatly. The lower part of the village of Bridge of Allan 
is situated upon the alluvium of the Forth valley, in which, as far up from 
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the present channel of the river as the streets of the lower part of the 
village, skeletons of whales have been found. The upper or northern part 
of the village stands upon a high terrace of Old Eed Sandstone, traversed by 
whin dykes, alongside one of which its famous Spa is discharged. The front 
of this terrace runs east and west, and forms the former sea-margin, hewed 
out by the waves of the old estuary, against which the alluvium rests to an 
unknown depth. The town of Stirling stands upon the south side of the 
Forth valley, partly on alluvium and partly on a trap ridge erupted through 
Old Red Sandstone. Eastwards from Bridge of Allan by Blair Logie and 
"Dollar, the Ochill Hills, of which the terrace at Bridge of Allan is the first 
ridge or step, arc composed of the same Old Sandstone, broken through and 
overlain by a vast body of trap rocks, clay-stones, and porphyries, and pre- 
sent a waU-liko front to the Forth valley on the south. They completely cut 
off the Coal-measures, tilting up the strata at a high angle, altering the coal 
to the state of coke, shale to Lydian stone, and sandstone to quartzite. 
Dunblane, Greenloaning and Ardoch, and the wild moorlands N.W. to 
Crieff are composed of Old Rod Sandstone pervaded by traps ; and Crieff and 
Comrio are close upon the junction of the sandstone and old slates of the 
mountain-region. Glen Lednock and a large area E. of it towards Crieff are 
occupied by an eruptive granite which sends veins into the slate, and whose 
outer edge approaches close to the boundary of the slate and sandstone. 
Whatever the cause of this earthquake may have been — masses of rock fall- 
ing from the roof of a vast cavern, or a sudden impact of high-pressure 
steam emanating from the nether depths — all the strata were affected by it, 
and sent the awful tremor, yet with varying intensity, alike along beds of 
rock and alluvial strata. 

The particulars in regard to the earthquake in the south of Scotland have 
been kindly supplied bj' Dr. Grierson and Mr. Henrison, Thornhill, Dum- 
fries, and Mr. J. Shaw, Tyrnon parish. The earthquake took place on the 
16th of April, 1873, at 9‘‘ 55"‘ p.m. A smart concussion, producing a con- 
siderable sound, noise, or crash, as it is variously descriried, and causing a 
perceptible movement in fixed objects, and an oscillation of those suspended, 
was experienced in the parishes of Tyrnon, Glen Cairn, Heir, Penpont, Mor- 
ton, Closebuin, and Balmaclellaiid. Doors and windows were made to 
rattle ; there was a sensible vibration of walls and floors in many places; and 
objects near one another (as glasses and china on shelves) were knocked 
together. In some cases alarm was shown by the low’er animals. But the 
wave or undulation was not observed with any thing like precision, except 
in one case, in wdiich a floor was distinctly seen to have such a movement. 
The late hour, however, w^as unfavourable for observation on the part of 
many persons. One only of the observers whose accounts have been fur- 
nislied to me had any previous experience of earthquakes. This gentleman 
had resided for some time in the East. Another witness, in every way com- 
petent, experienced a repetition of the shock at Thornhill at 2** dO”' a.m. on 
the following morning ; but no information regarding this second shock has 
reached me from any other part of the district. 
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Ninth Report of the Committee for Exploring Kenfs Cavern^ Devon- 
shire^ the Committee consisting of Sir Charles Lyell, Bart,, 
F,R,S,, Professor Phillips, F.R,S,, Sir John Lubbock, Bart,, 
F,R.S,, John Evans, F,R,S,, Edward Vivian, M,A,, George 
Busk, F.R,S., William Boyd Dawkins, F.R,S,, William Aysh- 
PORD Sanford, F.G,S,, and William Pengelly, F.R.S, [Reporter,) 

The Committee, in opening this their Kinth llcport, have to state that, since 
reporting at Brighton in 1872, the work has been conlinued without inter- 
mission, in the manner observed at the commencement. They have to add 
that whilst it is still conducted, under the Superintendents, by the same 
foreman (George Smerdon), the second workman (John Farr), believing that 
the Cavern work was prejudicial to his health, lias obtained other employ- 
ment. Though reluctant to jiart with so satisfactory a workman, who had 
faithfully served them for upwards of five years, the Superintendents felt un- 
able to press him to remain under the circumstAuees ; and they had the satis- 
faction of engaging in his stead a man (John Clinnick) who has proved most 
efficient and trustworthy. 

As in former years, the cavcni has been visited by a large number of 
persons, none of whom, when conducted by the guide only, has been allowed 
to be taken to the excavations then in progi'css. The Superintendents have 
had the pleasure of accompanying the following gentlemen during their 
visits : — Major-General It. C. Hthcnck, Minister for the United States of 
America to England ; Lord Clifford, of Cliudleigli ; Sir K. Anstruther, Bart., 
M.P. ; Bov. Lord Charles Hervey, Bcv. G. Butterworth, llev. Dr. Hanna, 
llev. C. Kelly, llev. 11. Locker, Bev. T. B. B. Stehbing ; Major-General 
Huyshe, Captain Lovett, Professor W. K. Clifford, Dr. B. Collcnette, Professor 
W. King, Dr. 11. Martin, Dr. W. Sharpey, Dr. Topham, Dr. C. Williams, of 
Burmah ; Mons. Wyvekens, of Brussels ; and Messrs. A. T. Atchison, W. 
Babington, N. BeU, of Queensland, C. A. Bentinck, 1^. B. Bowring, W. Buller, 
E. L. Corring, of L^. S. America, J. A. Curtis, B. D. Darbishire, J. M. Dowie, 

B. J. M. Donne, E. A. Field, S. Gurney, C. W. Hamilton, H. W. Haynes, of 
Boston, U. S., C. Sabapathi Jyah, of Madras, J. H. van Lennep, of Holland, 

C. Lister, P. C. Lovett, C. Mcenaeshaya, of Madras, P. H. Mills, A. G. Nathorst, 
of Lund, Sweden, P. Nind, A. Ncsbit, A. Pengelly, of K.W.P. India, H. C. M. 
Phillips, C. H. Poingdestre, F. P. Purvis, T. Bathboms Dr. Bichardsou, 11. B. 
Shaw, British Commissioner, Ladak, J. H. Taunton, P. Watts, and J. E. Wolfe. 

A. B. Hunt, Esq., M.A., F.G.S., being about to assist in exploring a small 
cave on the coast of Kirkcudbright, visited the cavern in August 1873, for 
the purpose of studying the mode of working. 

As in former years, live rats have been observed from time to time in 
various parts of the cavern. As soon as they are seen, the workmen, liaving 
frequently suffered from such visits, set gins for them, and sometimes succeed 
in taking three or four in a week. On one occasion four (two old and 
two young ones) were found in the gin together. The adults were the 
extremes of the scries, and, being caught by the neck, were dead ; whilst the 
others were held near the middle, and still alive. Though most prevalent 
near the entrances of the cavern, they have been frequently observed far in 
the interior ; and very recently tliey carried off a candle from a spot fully 
300 feet from the nearest entrance. 

The Long Arcade. — The Committee stated in their last Beport, bringing the 
work up to the end of July 1872, that they were then exploring the branch 
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of the cavern termed by Mr. MacEnery The Long Arcade,” and sometimes 

The Corridor ” and that they had expended about ten weeks’ work on itt. 
The exploration of this great thoroughfare has been the work of the entire 
period since that date, and it is still in progress. 

The Arcade commences in the south-west corner of the ‘‘ Sloping Chamber,” 
and, after a length of about 252 feet, in a west-south -westerly direction, and 
almost in a straight line, terminates in the “ Cave of Inscriptions,” or “ Cul-de- 
sac.” Its height is variable — being in one place not quite 10, and in others 
upwards of 20 feet, the measurements being taken from the bottom of the 
excavation made by the Committee. The roof and walls are much fretted and 
honeycombed, except at one part not far within the entrance, where the fall 
of a very large block of limestone in comparatively recent times has left edges 
tolerably sharp and angular. 

Omitting blocks of limestone here and there, the surface of the deposit in 
the Arcade when tlie Committee commenced its exploration presented but few 
inerpialities ; and when they had completed their excavation to the uniform 
dept h of 4 feet below t he under surface of the Stalagmitic Floor, and up to the 
distance of 1 84 feet from tlie entrance, the bottom of their section was no more 
than 40 inches above that at the eoramcncemcnt — a mean rise of no more than 
1 in 40. At the point just specified, however, the passage was almost entirely 
closed with a vast mass of limestone ? a situ, covered in places by thick accu- 
mulations of stalagmitic matter, and rising to the roof apparently from the 
limestone bottom of the Arcade. I'he only opening in it was a narrow 
Jiperture adjacemt to thc^ right or northerly wall ; and to gain this it was 
necessary to climb to the height of 8 or 9 feet. It proved to be about G feet 
high, to have a floor of limestone^, with occasional stalagmitic incrustations, 
extending for a length of fully 20 feet ; whilst very near the entrance, on tho 
left or south(‘rly side, was the elli})tical mouth of a smoothly eroded tunnel, 
measuring 80 inches in horizontal and 27 in vertical diameter, and having 
the aspect of a watercourse. Beyond this tunnel, and also on the left side, 
lay in wild confusion several very large masses of limestone, which had fallen 
from tho roof obviously in remote times ; and beyond these the deposit of 
Cave-earth again presented itself, but at a higher level than before. 

Assuming the tunnel just mentioned to have been a watercourse, the stream 
issuing from it must have had a sudden fall of several feet ; and it may not, 
perhaps, be without interest to state that on excavating tho deposits in the 
Arcade, deep pot-lioles were found in tho right wall of the cavern, having the 
position and character such a fall would have produced. The tunnel, fully 
GO feet long, terminates in a branch of tho cavern known as “ Tho Laby- 
rinth,” and in one i)art of its course is so small as to render it somewhat 
difficult for even a small man to force his way. It has long been known as 
“ The Little Oven ; ” and when the cavern was visited by merely the idly 
curious, it was regarded as an achievement to have made its passage. 

One of the results of the work during tho last twelve months has been to 
show that the great mass of limestone, which, as already stated, almost com- 
pletely closed the Arcade, extended downwards, not to the limestone floor, 
but merely to tho level of the earthy deposits which choked up the passage 
beneath. Tho loose and confusedly grouped blocks of limestone already 
spoken of have been blasted and taken out of tho cavern ; tho blocked-up 
passage has been reopened and is now tho common thoroughfare ; the mass 
of rock overhead has been dignified with the name of “ The Bridge,” and 
the excavation has been completed far beyond it. 

* See Trans. Devon. Assoc, vol. iii. p. 230 (18G9). t Frit. Assoc. Report, 1872, p. 44. 
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The Arcade is very narrow in proportion to its length. From 17 feet wide 
at the entrance, it narrows to 5 feet at about 27 yards within, then expand- 
ing to 11 or 12 feet, and again contracting until, at 42 yards, it is no more 
than 6 feet wide, it once more enlarges to an average width of 9 feet, and 
beyond the Bridge it becomes an irregular chamber, upwards of 30 feet long 
and about 15 wide. The exploration has been completed to the inner end of 
this chamber ; but the Arcade, again much contracted, has a further prolonga- 
tion of about 50 feet before reaching the Cave of Inscriptions. 

In the left or southerl}’ wall of the chamber just mentioned is the entrance 
to the Ijabyrinth, and of another and smaller branch. Towards these the work- 
men are now directing their labours. 

As the earlier explorers had made some excavations here and there 
throughout the greater part of the Arcade, and thus deprived the Committee 
of tl^ opportunity of studying it before disturbed by man, the following 
description, compiled from Mr. MacEnery’s manuscripts, may be of interest : — 
The Moor was in great disorder, strewn with rocks having between them in 
certain places natural reservoirs of water, and in others loose heaps of red 
marl overspreading the stiilagmite and containing fossil bones. The first 
rhinoceros- tooth found in the cavern was met with in one of those heaps, 
A peculiarity of this passage was a profusion of a white crumbling substance 
not unlike half-slacked lime. Hock after rock, on being turned over, presented 
patches of it on its surface; the loose mud also contained it ; and wherever 
stalagmite had formed between the rocks, it, when rip])ed up, exhibited largo 
deposits of the same matter. In the crevices of the rock and near the surface 
of the marl it occurred in balls partly crushed ; several halls were found in 
some instances pressed together, in otliers uninjured, adhering, and exhi- 
biting the tapering point they had when dro])pcd by the animal ; and they 
were occasionally found singly. There was no doubt that they were copro- 
litcs, and no difference between these fuccal deposits and those of the hyaena 
in Exeter Change, except in the far greater size of the fossil balls. The 
osseous substance was the same in both ; undigested particles of bone and 
enamel were detected in some of them ; and the explorers were led to the con- 
clusion that the Arcade was the chosen resort of the Cavern -hya}na8 for 
purposes of cleanliness. In this they were subsequently confirmc^l by a letter 
from Captain Sykes to Dr. Buckland, published in the Edin. Phil. Journal*, 
descriptive of a recent hyaena-cave in India, where, from the almost exclu- 
sive accumulation of faeces in particular spots, the writer inferred that certain 
chambers were dedicated to cleanliness. In these retreats few or no bones 
occurred. “ This description,” says Mr. MacEnery, “ is in its details quite 
applicable to Kent’s Hole. It appears to have been preseiwed to us in its 

actual state as when occupied by the extinct hymna Whilst reading 

his letter, I imagined myself reading the history of another, sealed one— the 
duplicate of Kent’s Cave, and not the account of a living hyaena’s den.’’ 
Wherever this substance was found accompanying remains, the latter were 
invariably broken, and always in the same uniform manner; and none of it was 
found where they occurred entire. Dr. Buckland, to whom the material was 
pointed out, gave the Arcade the name of the Hyasnaj Cloaca Maxima.” 

About halfway in the length of the Arcade, and near the left or southerly 
wall, three circular hollows were observed in the floor, about 3 feet in dia- 
meter, lined down the sides with a thin waving crust. The greasiness of the 
earth, and the presence of single teeth of bear in different states of preserva- 
* Vol. xvj. pp. 378-0 (1827). 
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tion, at first suggested the idea that they were the beds of that animal, whose 
habit it is to crouch in particular spots ; but the occurrence of charcoal, and 
other indications of the presence of man, in the vicinity of the hollows were 
thought rather to lead to the opinion that they were rude hearths or ovens 
scooped out by savages, around which they collected to cook and enjoy the 
spoils of the chase 

Before returning from this digression it may bo well to offer a few remarks 
on two or three points in the foregoing description, on which the exploration 
now in progress is calculated to throw some light ; — 

1st. “ The loose heaps of red marl in all probability consisted of material 
deposited in the era of the Cave-earth, and over which no stalagmite had in 
those particular spots ever been formed. If, however, they were actually 
observed, and not merely inferred, to overspread the stalagmite,^’ the latter, 
there can be little doubt, was the Crystalline Stalagmitic Floor/^ older than 
the Cave-earth, of which the Committee have found numerous portions in the 
Arcade during the present year, as well as in other branches of the cavern in 
previous years, some of them in situ and others not. 

2nd. The Committee have also found a considerable quantity of coprolitic 
matter in the Arcade, never, however, more than 1 2, and rarely more than 
6 inches below the surface. This material has been met with in all parts of 
the cavern wherever the Cave- earth has presented itself, but in no instance 
in any older or more modern deposit, whether of mechanical or chemical 
origin. The “ Lecture Hall ’’ may perhaps be equally entitled to the name 
of the Hycence Cloaca Maxima f. 

3rd. There jccms no reason to doubt that the “ three circular hollows,” 
instead of being the ‘‘ beds of bears ” or ‘‘ hearths or ovens scooped out by 
savages,” were natural basins in the stalagmite, such as were described in the 
Committee’s Eighth Keport + ; for, to say nothing of the fact that several 
such basins, even when not more than a very few inches in diameter, have con- 
tained charred wood, possibly washed into them in rainy seasons (when such 
basins are full to overflowing), or perhaps dropped into them accidentally by 
recent visitors, it is difficult to understand why a savage should have selected 
for his hearth a spot having nothing to recommend it but its darkness and 
inconvenience, whilst so many others, in every respect more eligible, were 
equally at his command. It is noteworthy that, in another part of his 
memoir, Mr. MacEneiy% replying to Dr. Buckland’s suggestion that “ the 
ancient Britons had scooped out ovens in the stalagmite,” says, “ Without 
stopping to dwell on the difficulty of ripping up a solid floor, which, notwith- 
standing the advantage of undermining and the exposure of its edges, still 
defies all our efforts, though commanding the apparatus of the quarry, I am 
bold to say that in no instance have I discovered evidence of breaches or ovens 
in the floor ” §. 

But waiving all this, the Committee, on March 31 , 1873, in the course of 
their work reached a hollow precisely similar to those Mr. MacEnery de- 
scribes. It was of oval form, 4 feet long, 2 broad, and 9 inches deep, and 
contained nearly ten gallons of beautifully pure water, but, instead of having 
been formed by a bear or a human being, it was an example of Nature’s 
handiwork, and in such a position as to render it certain that the foreman of 
the exploration now in progress was the first human being who ever saw it. 
It was in the stalagmite covering the deposit, which, as already stated, com- 

* See Trans. Devon. Assoc, vol. iii. pp. 235-7, 253-4, 270, 290, and 302-5 (1869). 

t See Report Brit. Assoc. 1868, j). 49. \ Ibid. 1872, p. 45. 

§ See Trans. Devon. Assoc, vol. iii. p. 334 (1869). 
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pletelj filled np the space beneath the Bridge, and was neither discovered nor 
discoverable until the workmen had advanced 11 feet in the difficult work of 
reopening this passage. 

At the entrance of the Arcade, the Granular Stalagmitic Floor was con- 
tinuous in every direction for considerable distances. At the right or 
northerly wall its thickness exceeded that hitherto fotmd in any other part of 
the cavern, measuring fully 5 feet for a length of about 8 yards ; but at the 
opposite wall it was very rarely more than 2 feet thick. Beyond the point 
just specified it became gradually thinner, disappearing entirely at 37 feet 
from it on the right waU, but extending somewhat further on the left. Still 
further in, such floor as ever existed appears to have been but thin andocca- 
sional only, until reaching the Bridge, where it appeared again iii considerable 
volume*. Almost immediately beyond this, there rose from the Stalagmitic 
Floor a large ]>oss of the same material, in the form of a paraboloid, 2 feet 
high and G feet in basal circumference. As it bore no inscription, and was 
in the direct line of the work, it was dislodged and broken up, when it was 
found to consist of pure stalagmite without any oxtraiieous substance. In 
the earthy deposit adhering to its base were one tooth of bear, a fragment of 
bone, a ball of coprolite, and a few bits of charcoal. J^^ot far beyond it, but 
near the right wall of the Arcade, a much larger ])oss presented itself, having 
nearfts summit the inscription “ li. L. (or E.) lGb4.^’ The mass lias been so 
mutilated by early visitors as to render it uncertain whether the remaining 
part of the second letter is the lower portion of Lor E. llie date, however, 
which is quite distinct, and appears not to have been noticed prior to June G, 
1873, is the oldest at present known in the cavern, though there are several 
others of the seventeenth century. In excavating, ca7e was taken to leave 
the mass, as well as the deposit on which it was formed, intact and undis- 
turbed. 

The only objects found in the Granular Rtalngmitic Floor, in the Arcade, 
since the Eighth llcport was sent in, were a tooth of Ilymna, a few bones 
and bone chips, a charcoal streak ” about 3 inches above the base of 
the door, where its total thickness was 42 inches at one end and 10 at the 
other, a few pieces of charcoal, and a flint tool. The tool (No. 5990) is of 
very white flint, having, as shown by an accidental fracture, a very chalk-like 
texture. It may be described as a hammer- like ** core,^’ broad at one end, 
round-pointed at the other, and formed by several flakes having been struck 
from the original nodule. Its pointed end shows that it has been used as a 
hammer. It is 3*2 inches long, 2 inches in greatest breadth, 1*7 inch in 
greatest thickness, and was found August 19, 1872. 

As already stated, remnants of the old (the Crj^stalline) Stalagmitic Floor 
occurred in situ in various parts of the Arcade, all attached to the right or 
northerly wall, and above the level of the Granular Floor. The first of them, 
about 60 feet within the entrance and G inches thick, had between it and the 
Granular Floor an unoccupied space of 15 inches in height. The second, 
20 feet further up the Arcade, was a very large mass displaying strikingly 
the characteristic prismatic crystalline structure ; it has suffered much at the 
hands of visitors ; and on one of its fractured surfaces is the date 183G. The 

It is worthy of remark that at the entrance of the Arcade, where the Stalagmitic Floor 
is so very thick, the drip of water from the roof is at present very copious in rainy 
seasons, and commences within a few hours of a great rainfall ; whilst those parts of the 
same branch of the cavern where tJiore does not seem to have ever been any stalagmite 
are perfectly dry at all times and seasons. 
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third and most important, about 30 feet long, lined the entire lower surface of 
the mass of limestone forming the Bridge, and extended into the chamber 
beyond. The less ancient, or Granular Moor, was in some places in contact 
with it, and in others as much as 8 inches below. Numerous stones and a 
few fragments of bone (representing the Breccia on which the Old Moor was 
formed) were found firmly cemented to this, as well as to the first remnant. 
The progress of the work has not rendered it necessary to remove or diminish 
either of them. 

The deposit below the Granular Btalagmitic Floor was typical Cave- earth 
to the d(‘pth of at least 4 feet from the entrance of the Long Arcade to 
about 24 feet within it, and contained a considerable number of blocks of 
limestone, s(‘veral of them rcfjuiring blasting in order to be removed. Beyond 
the point just specified the deposit was everywhere ^‘Breccia’’ (the oldest 
deposit the cavern is known to contain), exce})t at most the uppermost foot, 
which consisted of Cave-earth. The two deposits lay one on the other with- 
out, as in the Bouth-west Chamber f, any stalagmite between ; and though 
they are so very dissimilar in composition — the Cave-earth, or less ancient, 
being made up of small angular fragments of limestone mixed with light-red 
clay, whilst the Hreccia, or older deposit, consists of rounded and subangular 
fragments of dark-red grit imlx'dded in a sandy paste of the same colour — 
it wiis not always, or, indeed, fr(‘(]ncnt]y, easy to detect a well-defined line of 
separation. Each, however, was, as elsewhere in the cavern, characterized 
by its distinct fauna — the Breccia containing remains of Bears only without 
any indication of other genera, whilst the Cave-earth yielded bones and teeth 
of Ilycenas, with tluir teeth-marks and coprolites, as well as the osseous 
remnants of the animals usually associated with them. 

At the entrance of the Arcade Mr. MacEiiery’s diggings were carried to a 
depth of 3 feet below the bottom of the Granular Stalagmite ; they gradually 
became less and less deep until at a distance of 15 feet they ceased. They 
were resumed at 52 feet, and continued at intervals throughout the entire 
length of the Arcad(^ so far as the Committee have at present explored. They 
were, however, on a very limited scale, never exceeding 18 inches, and com- 
monly not more than a foot in depth, did not always extend from wall to wall, 
and were not continuous. In short, he seems to have contented himself with 
occasionally digging a small shallow trial pit, and, meeting with no speci- 
mems, to have proceeded elsewhere ; and this is borne out by his own state- 
ment. “ As we advanced in the direction of the Long Corridor,” he says, 

the bones became less and less numerous until they nearly disappeared, 
rendering it not worth our while to prosecute our researches further in that 
lino ” J . Ho must, however, in some instances have broken up portions of the 
Breccia as well as of the thin layer of Cave-earth lying on it ; ibr, as was his 
wont, the materials he dislodged were not taken out of the cavern, but merely 
cast aside ; and these, on being carefully examined by the Committee, were 
found to contain undoubted fragments of the older deposit, with bones and 
teeth of Bear firmly imbedded in them. 

The specimens recovered from this broken ground, and whi(^h had been 
neglected or overlooked, belonged mainly to the Cave-earth. They were 72 
teeth, 4 astragali, 5 ossa calcis, 15 phalanges, 1 claw, 3 portions of jaws, 2 ver- 
tebrm, 1 portion of skull and 1 of antler, several fragments of bone, and 8 

♦ The excavation is not carried to a depth exceeding 4 feet bidow the bottom of the 
granular stalagmite. 

f See Brit. Assoc. Report, 1S(»8, pp. 50 52, | See Trans. Devon. Assoc, vol. iii. p. 290. 
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flint flakes and chips. With them was a portion of an iron hammer, which, 
on becoming useless, MacEnery or his workmen had no doubt thrown away. 

Omitting those of Bear, at least some of which belonged to the era of the 
Breccia as already stated, the teeth may be distributed as in the following 
Table:— 


Table I. — Showing how many per cent, of the Teeth found in the dis- 
turbed material in the Long Arcade belonged to the different kinds of 
Cave Mammals. 


Hysena . . 
Horse . . . . 
Rhinoceros 
Deer . . . . 


70 

10 

10 

3 


per cent. 
>> 

99 

99 


Ox 

Elephant 

Pox ... 


3 

1*5 

1*5 


per cent. 

99 

99 


The flint flakes mentioned above were of little value when compared with 
many found in the Cave-earth. 

Up to the end of August 1873, the Cave-earth which the Committee found 
intact in the Long Arcade had yielded, when the few mentioned in the Eighth 
Report (1872) are included, about 280 teeth, which may be apportioned as in 
the following Table : — 


Table II. — Showing how many per cent, of the Teeth found in Cave-earth in 
the Long Arcade belonged to the different kinds of Cave Mammals. 


Hymna . 
Horse . . . , 
Rhinoceros 
Bear , . . . 
Pox 

Pig 


40 per cent. 


24 

11 

9 

5 

3 


99 

99 

99 

99 

99 


Deer 

Megaceros . . 
Elephant . . 



Lion 

Machairodus 


2*5 per cent. 


1*5 

1*5 

1*0 

only 


1 incisor. 


On comparing the foregoing Tables with those in previous Reports, the 
following facts present themselves ; — 

Ist. That Hyaena is everywhere the most prevalent animal of the Cave- 
earth era, and is followed by the Horse and Rhinoceros without any consider- 
able variation in their ratios. 

2nd. That the Bear is relatively more prevalent in the Long Arcade than 
in any other part of the cavern explored by the Committee. 

3rd. That teeth of Wolf, Badger, Rabbit, Reindeer, and Sheep * — all of 
which presented themselves in the various branches of the Eastern Division 
of the cavern — have not hitherto been met with in the Long Arcade. 

Hone of the animal remains found in the Cave-earth during the last twelve 
months require detailed description or special remark. Many of the bones 
had been gnawed by the Hyaena ; some were much decayed ; a few small 
fragments had been burnt ; and one (a phalanx) exhibited marks of disease. 
The few remains of the Mammoth were those of immature animals ; one 
canine of Lion (Ho. 6020) was worn almost to the fang ; and a right lower 
jaw of Pig (No. 6098)t, found March 26, 1873, without any other specimen 
near it, contained eight teeth, some of which had not risen quite above the jaw. 

Including the two (Hos. 5819 and 5829) mentioned in the Eighth Report 
(1872), the Cave-earth in the Long Arcade has, up to the end of August 

* The remains of Sheep are probably such as had been recently introduced by foxes and 
other animals frequenting the cavern. 

t This specimen has a very fresh aspect. 
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1873, yielded 25 flint implements and flakes, without counting those found 
in Mr. MacEnery’s dislodged materials. Though many of them would have 
attracted a large share of attention a few years ago, a description of a very 
few will suffice at present ; — - 

No. 6082 is a light-grey flint having a sharp edge all round its perimeter. 
It is nearly flat on one side, and slightly convex on the other, from which 
four principal longitudinal flakes have been dislodged. It belongs to the lan- 
ceolate variety of implements, is about 3*5 inches long, 1*2 inch in greatest 
breadth, and *25 inch in thickness. It was found February 22nd, 1873, without 
any animal remains near it ; and no stalagmite had ever covered the deposit 
in which it lay. 

No. 6086 may be said to belong to the same type; but it is more massive, 
and is abruptly truncated at each end. It is 3*5 inches long, 1*6 inch 
in greatest breadth, *6 inch thick, very concave on the inner face, on 
which the bulb of percussion is well displayed near what may be t-ermed 
the point ; and the outer very convex face has been rudely fashioned. It does 
not appear to have been used ; its edges are quite sharp and not serrated 
or chipped. It was found March 4, 1873, with a tooth and a gnawed scapula 
(No. 6086). 

As in all other parts of the cavern in which it has occurred, the Breccia 
in the Long Arcade diflers from the Cave-earth not only in the mineral and 
mechanical characters of its materials, as already pointed out, but also in the 
absence of those films of stalagmite which so frequently invested bones and 
stones at all levels in the less-ancient accumulation. 

The deposits resembled each other in being entirely destitute of any ap- 
proach to a stratified arrangement ; and the incorporated fragments of stone 
lay with their longest axes in every possible direction. 

Up to the end of August 1873 there had been found in the Breccia in the 
Long Arcade upwards of fifty teeth, together with a considerable number of 
bones, of Bear. As they were much more brittle than those found in the 
Cave-earth, probably from their highly mineralized condition, and almost 
invariably occurred where the materials were firmly cemented together, 
it was impossible to prevent their being injured in the process of extraction. 
Not unfrcquently bones or teeth were found broken but having the parts in 
contact and juxtaposition in the concrete, showing that they had been 
broken where they lay and where they were found. Beyond a few teeth 
still occupying portions of jaws, the remains did not lie in their natural ana- 
tomical order ; and isolated teeth frequently presented themselves com- 
pletely encased with Breccia. In no instance was there any thing like an 
approach to the elements of a complete skeleton, or distinct portion of 
one, lying together. 

The only noteworthy specimens are a left lower jaw (No. 6127) containing 
Ujwo teeth, found Juno 18, 1873, and a palate (No. 6133) with the greater 
part of the upper jaw, in which were four molars and the two canines. This 
fine specimen was found June 25, 1873, and with it two other canines and a 
few fragments of bone. 

It is perhaps worthy of remark that as no trace of Machairodus has 
been found in either of the deposits since the Eighth Report (1872) was 
presented, the Committee can only repeat that, so far as the evidence goes at 
present, that great Carnivore was a member of the fauna of the Cave-earth 
era, but not of that of the Breccia. 

In their Eighth Report (1872) the Committee stated that they had 
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found two flint implements (Nos. 5900 and 5903) in the Breccia in the 
^‘Southern Branch” of the ^‘Charcoal Cave;” and thcypoiiitcd out the important 
bearing of the fact on the question of Human Antiquity They have now 
the pleasure of reporting the discovery, during the last twelve months, of 
seventeen additional implements, flakes, and chips in the same deposit in the 
Long Arcade ; and they now propose to describe the most striking specimens. 

No. 6022 is a fine kite-shaped flint tool, 5*1 inches long, 2*6 inches in 
greatest breadth, and 2 inches in greatest thickness. On one side, especially 
at the butt-end, it is very convex ; on the other it maybe said to have a ten- 
dency to flatness ; hut as this inner face consists of two principal planes or 
facets sloping in opposite directions from a transverse ridge about midway in 
its length, the flatness is not strongly pronounced. At the hutt-end, on the 
convex face, it retains much of the original surface of the nodule, and shows 
that it was made from a well-rolled pebble. The rest of the surface has a 
somewhat orange -coloured ferruginous tint, derived, no doubt, from the 
matrix in which it was found. On one or two small facets near the point, how- 
ever, this tint does not appear, but the true whitish colour is displayed. A small 
chip has been unfortunately struck from it by the tool of the workman and 
thus displays the interior, which is of the same colour as the facets just 
named, but differs from them in being somc'what granular, whilst they arc 
quite smooth. Within the 6u])stance of the im})lement and near the point 
there is a small irregular quartz pebble, apparently the nucleus around which 
the siliceous matter accumulated. This specimen was found on November 
27, 1872, at a depth of 16 inches in the undisturbed Breccia under a block 
of limestone measuring 24 x 14 x 14 inches, adjacent to the left wall of the 
Arcade, and 73 feet from its entrance. No animal retnains or other objects 
of interest were found near it. 

No. 6025 may be described as a fine implement, rudely foot-shaped, 5*4 
inches long, 2*5 inches in greatest breadth, and T7 inch in greatest thick- 
ness. It has undergone a considerable amount of chipj)ing, is very convex 
on one face, has a tendency to flatness on the other ; and no portion of the 
original surface of the nodule remains on it. It is of a yellowish drab colour, 
and has a patina on the greater part of its surface. It was found on 
December 9, 1872, not quite a foot deep in the Breccia, very near the left 
wall of the Arcade, about 86 feet from its entrance, and without any animal 
remains accompanying it. 

No. 6081 is an orange -coloured flint implement, ruddy elliptical in out- 
line, very massive, about 6 inches long, 3*7 inches in greatest breadth, 2 
inches in greatest thickness, very convex on one face, with a tendency to 
flatness on the other, has a groat number of facets on each face, but with 
portions of the original crust of the nodule hero and there. On the flatter 
face there is a rugged elliptical hole, nearl}^ central, *9 inch long, *65 inch 
broad, and *7 inch deep ; but instead of being artificial is structural, as the 
original crust of the flint extends into it from a neighbouring patch on ttiQ 
face of the tool. This specimen was found in the third-foot level of 
Breccia, without any organic remains near it, on lebruary 14, 1873, at 
about 122 feet from the entrance of the Arcade. 

No. 6103 is a coarse chert tool about 4 inches long, 2*3 inches in 
greatest breadth, 1*6 inch in greatest thickness, very convex on both faces, 
and worked to an edge all round. A large amount of labour has been bestowed 
in fashioning it; and no part of the original surface of the nodule remains. 
It was found, without any animal remains near it. May 7, 1873, in the 
^ Keport Brit* Assoc. 1872, pp. 43-44. 
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fourth- or lowcst-foot level of the Breccia, a small portion of which ad- 
heres to it. 

Ko. 6110, apparently of the same variety of chert, is rudely semilunar in 
form, 2*9 inches long, 1*8 inch in greatest breadth, and 1*2 inch in greatest 
thickness. It has a thin edge on its rectilineal margin, but attains its 
greatest thickness at its curvilineal margin, and seems to have been used as a 
scraper. It was found May 28th, 1873, at about 166 feet from the entrance 
of the Arcade, without any organic remains near it, in the second-foot level 
of the Breccia, traces of which still remain on it. 

No. 6128 may be said to be at once a rude parallelogram and an oval. It 
is 2'9 inches long, 1*9 inch in greatest breadth, *8 inch in greatest thickness, 
slightly and irregularly conciivc on one face, and convex on the other. Its 
greatest thickness is very near one margin, whence it slopes to a compara- 
tively thin edge on the other. Its internal structure is somewhat chalk- 
like ; and it has probably been somewhat rolled. It was found about 172 
feet from the entrance of the Arcade in the tirst-foot level of the Breccia, 
wdthout any notew’orthy objects near it, on June 18, 1873. 

No. 6129 is a fine imj dement of the same form as No. 6022. It is 5*5 
inches long, 2*8 inches in greatest breadth, 1*6 inch in greatest thickness, 
apjiroximates fiatness on one face, and is very protuberant on the other, 
which retains a portion of tlie original surface of the nodule. It is of a 
somewhat coarse cherty structure and a dull pinkish colour, it was found 
on June 20, 1873, in the fourth -foot level of the Breccia, almost immediately 
under No. 6128, but 3 feet deeper in the deposit, and without any bones or 
teeth near it. 

No. 6139 is a faint pink unshapen lump of flint, the surface of which has 
nevertheless been artificially produced. It may be a core,’’ or an imple- 
ment spoiled in the attempt to make it. It was found about 128 feet from 
the entraiiec of the Arcade, witliout any objects of interest near it, in the 
third-foot level of the Breccia, on July 2, 1873. 

No. 6171, like Nos. 6110 and 6128, is thickest at one margin, and 
slopes thence to an edge at tlie other, and, like them, has probably been 
used as a scraper. It is 2*6 inches long, 1*6 indi in greatest breadth, and 
1*1 inch in greatest thickness. It was found, with a tooth of Bear and a 
few bones, on August 19, 1873, in the second-foot level of the Breccia, at 
about 128 feet from the entrance of the Arcade. 

The facts disclosed since the Committee sent in their Eighth Ileport, and 
which have been described above, point to certain conclusions and sug- 
gest a few" speculations to wliich it may not be out of place to call attention. 

The remnants of Crystalline 8talagmitic Floor in the Long Arcade, with 
stones still cemented to their under surfaces, like those in the Gallery opening 
out of the Great Chamber* and in the branches of the Charcoal Cavef, are 
capable of but one explanation. They point to a time when the Breccia was 
introduced ; and they mark or define the height it reached ; they show a sub- 
sequent period when this accumulation was sealed up with a calcareous sheet 
of which they are the remnants ; and they make known the facts that a por- 
tion of the Breccia was dislodged, and vast masses of the Floor which covered 
it were broken up. This was follow^ed by the introduction of the Cave-earth, 
and that by the formation of another Floor of Stalagmite, differing from the 
former in being granular instead of ciystalline. 

That the Breccia was derived from without the cavern is certain from the 
* See Eeport Brit. Assoc. 18G7, pp. 4-5. t Ibid. 1872, pp. 41-42. 
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fact that the Cavern-hill contains no rock capable of furnishing the mate- 
rials composing it. Such materials, however, are derivable from loftier adja- 
cent eminences. 

That these materials were introduced with comparative rapidity is pro- 
bably indicated by the paucity, to say the least, of angular fragments of 
limestone, as well as of films of stalagmite on the stones or bones, both of 
which the walls and roof of the cavern would in all probability have sup- 
plied during a protracted period. 

That the conditions of the surface of the district adjacent to the cavern 
must have changed between the period of the Breccia and that of the Cave- 
earth, is manifest from the fact that such materials as formed the staple of the 
earlier deposit did not find access during the later. 

The scantiness of the Cave-earth in the Arcade, and its immense volume in 
the eastern dinsion of the cavern, especially in the branches of it into 
which the external entrances oi)en, as well as those immediately adjacent, 
indicates that this deposit was derived largely, if not entirely, from external 
sources, and not from the wasting of the walls and roof of the cavern, since 
there is no reason to suppose that the rate of disintegration or decomposition 
would differ so .very greatly in the different Chambers and (Jalleries. It 
may be worthy of remark, moreover, that, all other things being the same, 
the thickness or depth of a deposit derived from the waste of the walls and 
roof of a chamber must be greatest in the narrowest chamber, whilst the re- 
verse obtains in the present case. 

A glance at the implements from the two deposits shows that they are 
very dissimilar. Those from the Breccia are much more rudely formed, more 
massive, have less symmetry of outline, and were made by operating, not on 
flakes purposely struck off from nodules of flint or chert, as in the case of 
those from the Cave-earth, but directly on the nodules themselves, all of 
which appear to have been obtained from accumulations of supracretaceous 
flint-gravel, such as occur about four miles from the cavern. There seems 
no doubt, then, that the Breccia men were laidcr than those of the Cave- 
earth ; and this is borne out by the fact that whilst the men represented by 
the later deposit made bone tools and ornaments — harjjoons for spearing fish, 
eyed needles or bodkins for stitching skins together, awls perhaps to facilitate 
the passage of the slender needle or bodkin through the tough thick hides, 
pins for fastening the skins they wore, and perforated Badger’s teeth for 
necklaces or bracelets — nothing of the kind has been found in the Breccia. 
In short, the stone tools, though both sets were unpolished and coeval 
with extinct mammals, represent two distinct civilizations. 

It is equally clear that the ruder men were the more ancient ; for their 
tools were lodged in a deposit which, when the two occurred in the same ver- 
tical section, was invariably the undermost. In fact the Breccia in which 
each of the implements was deposited actually had Cave-earth lying on it. 

That the chronological interval separating the two deposits, tools, men, 
and eras was a great one is indicated by the several facts Avhich have been 
enumerated. The altered condition of the surface of the adjacent district 
manifested by the dissimilar mineral and physical characters of the deposits, 
the sheet of Crystalline Stalagmite which usually separated them and some- 
times attained a thickness little short of 12 feet, the destruction of great 
masses of this sheet, the dislodgmcnt of a considerable portion of the Breccia 
on which it was formed, and the distinctness of the two Cavern-faunm are 
phenomena very significant of an amount of time incapable of compression 
within narrow limits. 
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When the cavern-haunting habits of the Hyaena are remembered, it can 
scarcely be unsafe to conclude from the absence of any trace of him in the 
Breccia that he was not an inhabitant of Britain during the era of that de- 
posit. The same argument can by no means be applied with equal force to 
the Horse, Ox, Deer, &c., whose absence is equally pronounced ; for it may 
be presumed that their bones occur in caverns at least mainly because their 
dead bodies were dragged there piecemeal by the Hyaena ; and this could not 
have occurred before his arrival. The Ursine remains met with in the 
Breccia })rescnt no difficulty, as the Bear, like the Hyaena, is a cave-dweller*. 

The fact that though he was not a member of the British fauna during the 
era of the lireccia, he had become very prevalent during that of the Cave-earth, 
may probably be taken as indicating that after, but not during, the period of 
the Breccia, Britain was a part of continental Europe, and thus rendered his 
arrival j)ossible. If this be admitted, it follows that the early men of Devon- 
shire saw this country pass from an insular to a continental state, and again 
become an islaiid. 

The Sui>erintendents of the work, struck with the great development of the 
Breccia in the innermost parts of the cavern, as well as with the numerous 
remains of Bear which it contains, arc strongly inclined to the opinion that 
there must he aji external entrance hitherto unsuspected, and at present 
choked up, in the direction in which the work is progressing. It must be 
admitted that tliis would solve several ])roblems of interest ; but the complete 
exploration of the cavern can iilone show whether or not such an entrance 
exists. 


The Flint and Chert Implements found in Kenfs Cavern, Torquay, 
Devonshire, By W. Bengelly, F.R.S,, F.G.S, 

[A Communication ordered by the General Committee to be printed in exfenso,] 

Though there arc said to be persons capable of believing that the so- 
called flint and chert implements, found in Kent’s Hole and other caverns, 
are merely natural ])roducts, it is not my intention in this brief paper to say 
one word on iliat question. It has been treated so fully and so ably by 
various writers as to de])rive me of any pretence for attempting to add any 
thing to the literature of the subject, and also of any ho])e that such additions 
as I might be able to make would convince those still remaining in a sceptical 

* Dr. A. Leith Adams, M.A., F.K S., F.G.S. , so well known as a naturalist and cavern- 
explorer, has been so good as to favour me with the following note on tlie habits of the 
Brown Bear of the llimalayas : — “ The Br<jwn Bear otthe Western Himalayas hybernates, 
choosing chiefly caverns and rock-crevi(«s, which it abandons in spring to wander about ; but 
old individuals, when no longer equal to the same amount of exertion, take to a secluded life, 
and usually select a cavern on a rocky mountnin-side, at the base of which there is abundant 
verdure and shade, with a pool or sjiring, where they bathe frequently or recline during 
tlic heat of the day to escape annoyance from insects. ISuch retreats are easily discovered 
by the animal’s footprints on the soil and turf. They are seen like steps ot stairs leading 
from the pool in the direction of tlie den, being brought about by the individual always 
treading in the same track. Thus these patriarchs or hermit bears spend their latter years 
in one situation, pursuing the even tenor of their ways to the little stream or pond below, 
and grassy slopes to feed on the rank vegetation, returning regularly to the caverns where 
tlioy end their days.” — Sec Wanderings of a Naturalist in India, Western Himalagus, and 
Cashmere, pp. 232-211 &c. 
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state. My present object is to call attention to the fact that whilst all the 
noteworthy Hint and chert implements which Kent's Hole has yielded are 
unpolished, and all found wnth the remains of the extinct Cave mammals, 
they belong to two distinct classes, eras, and states of civilization. 

It may be well at the outset to describe briefly the successive deposits 
and their contents met with during the exploration of the cavern by the 
Committee appointed by the Eritish Association in 1801, whose labours have 
extended without interruption from March 1805 to the present time, and are 
still in progress. They are as follow : — 

1st, or uppermost, Blocks of limestone, from a few pounds to upwards of 
one hundred tons each, which had fallen from the roof, from time to time, 
and were occasionally cemented together with stalagmite. 

2nd. Beneath and between the blocks just mentioned lay a dark-coloured 
mud, from 3 to 12 inches thick, and known as the Blacl' J^IouhL 

3rd. A Stalagmitic Ploor of granular texture, varying from an incli to 
upwards of 5 feet in thickness, and frequently containing large blocks of 
limestone similar to those mentioned above. This was known as the Granular 
Btahnjinite. 

4th. An almost black layer, composed mainly of small fragments of 
charred wood, and about 4 inches thick. This, termed the Black Band, 
was a local deposit occupying an area of about loO square feet, and, at its 
nearest approach to it, about 32 feet from one of the entrances to the cavern. 

5th. An accumulation of light-red clay, containing : — on the avx'rage, about 
50 per cent, of small angular fragments of limestone, with occasional blocks 
of the same substance as large as those lying on the surface as already stated ; 
large isolated masses of stalagmite having a very crystalline texture ; suban- 
gular and rounded fragments of quartz and red grit, derivable not from the 
Cavern hill, but from the adjacent and greater heights ; and a very few granitic 
pebbles. This, known as the Cave-earth, was usually of unknown depth, 
but it cei-tainly, and perhaps greatly, exceeded 4 feet in most cases. 

6th. AVherever the bottom of the Cave-earth was reached, however, there 
was found beneath it a Floor of Stalagmite, having a crystalline texture 
identicid with that of the detached isolated masses incorporated in the Cave- 
earth as just stated. This, designated the Crystalline Stalayrnite, was in 
some instances little short of 12 feet thick. 

7th. Below the whole there lay, so far as is at present known, the lowest 
and oldest of the Cavern deposits, consisting of subangular and rounded 
pieces of dark-red grit, imbedded in a sandy paste of the same colour. This, 
the thickness of which is unknown, is denominated the Breccia, 

The lumps of stalagmite and fragments of grit found imbedded in the 
Cave-earth were undoubtedly portions of the two older deposits (the Crystal- 
line Htiilagmite and the Breccia), and show that these accumulations had 
been broken up by natural agency before the introduction of the Cave-earth, 
and that they were formerly of greater volume than at present. 

Excepting the overlying blocks of limestone, Ko. 1, all the deposits just 
described contained remains of animals. In the Black Mould, or most modern, 
they were those of species still existing, and almost all of them now occupying 
the district. They were man, dog, fox, badger, brown bear, Bos long i fro ns, 
roe-deer, sheep, goat, pig, hare, rabbit, water-rat, and seal. In the Granular 
Stalagmite, Black Band, and Cave-earth, and especially the last, extinct as 
well as recent animals presented themselves, the Cave-hyaena being the most 
prevalent, but followed very closely by the horse and rhinoceros. Remains 
of the so-called Irish elk, wild bull, bison, red deer, mammoth, badger, the cave-. 
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grizzly, and brown bears, were by no means rare ; those of the cave-lion, wolf, 
fox, and reindeer were less numerous ; and those of beaver, glutton, and 
Macliairodus latidens were very scarce. The presence of the hyaena was also 
indicated by his coprolites, by bones broken after a manner still followed by 
existing members of the same genus, and by the marks of his teeth found on 
a very largo proportion of tlie osseous remains in the cavern. In the lower 
deposits (tlie Crystalline Stalagmite and the Ereccia) remains of animals 
were less uniformly distributed. In some places there were none throughout 
considerable spaces, whilst in others they were so crowded as to form 50 per 
cent, of the entire deposit. 8o far as is at present known, they were ex- 
clusivel}^ those of bear. !Mot only were there no bones of hyaena, there 
were none of his faeces, none of his teeth-marks, and no bones fractured 
after his well-known fashion. Remenibcring his cavern-haunting habits, it 
may in all probability be safely concluded that the era of the Crystalline 
Stalagmite and of the Ereccia it covered, was prior to the advent of the 
hymna in this country. The same inference cannot with certainty be drawn 
with respect to the horse, ox, deer, &c., whose absence is equally pro- 
nounced ; for it may be presumed that their bones occur in caverns simply 
because their dead bodies were dragged there ])iecemeal ; and this would not 
have occurred, even though they had occupied the country, before the arrival 
of the great hone-eating scavenger which we call the cave-hysena. The 
bear, being a cave-dweller, presents no difficulty. 

The bones found in the u2)permost deposit, the Elack Mould, were of 
much less specitic gravity than those in the lower accumulations, and were 
generally so light as to boat in water. Thos('. in the Cave-earth and Ereccia 
had lost their animal matter, and adhered to the tongue when applied to it, 
so as frequently to support their own weight ; but those from the Ereccia 
(the lowest or oldest deposit) were much more mineralized and brittle than 
those found in the Cave-earth, and usually emitted a metallic ring when 
struck. 

The following general statements may be of service here, by way of reca- 
pitulation, before proceeding further: — 

Ist. Omitting the overlying blocks of limestone and the local Elack Eand, 
the cavern containcid three distinct mechanical accumulations : — the Elack 
Mould, or uppermost, or most modern ; the Cave-earth ; and the Ereccia, or 
lowermost, or most ancient. Their mode of succession was never transgressed ; 
and the materials of which they consisted were so very dissimilar as to cha- 
racterize them with great distinctness. 

2nd. These three accumulations were separated by two distinct floors of 
Stalagmite having strongly contrasted characters. That between the Ereccia 
below and the Clave-earih above it was eminently crifstalline, whilst that 
dividing the Cave-earth from the Elack Mould was granular. 

3rd. Animal remains occurred in all, but were much more abundant in the 
mechanical deposits than in the Stalagmites. 

4th. The period represented by the Breccia and Crystalline Stalagmite (the 
most ancient period) may, as a matter of convenience, and so far as the cavern 
is concerned, be termed the Ursine period, these deposits having yielded 
remains of boars only. It must be understood, however, that bears are re- 
presented in all the deposits. 

5th. The period of the Cave- earth and Granular Stalagmite may be deno- 
minated the Hymnine period, the remains of hyaena being restricted to these 
deposits and being more prevalent than those of any other genus. 

6th. The period of the Elack Mould (the most modern period) may be 

p 2 
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called the Gvine period, remains of the sheep being restricted to this accu- 
mulation. 

7th. The bones of each period were distinguishable by their physical con- 
dition — those from the Black Mould being lighter, and those in the Breccia 
more mineralized, than the products of the Cavc-efirth. 

Flint and chert implements presented themselves in each of the mecha- 
nical deposits ; and, as in the case of the bones, those belonging to any one 
were easily distinguishable from those of the other two. 

The implements of the Black Mould, the up})crmost deposit, were of the 
ordinary colour of common flints. They were mere flakes and “ strike- 
lights,” the latter probably used and cast aside or lost by those who during 
a long period, and before the invention of lucifer-matches, acted as guides to 
the cavern. All further notice of them may be omitted as not being note- 
worthy. 

Omitting mere flakes, of which there were great numbers, the principal 
flint implements found in the Cave-earth were ovoid, lanceolate, and tongue- 
shaped, produced by fashioning, not flint nodules, but flakes struck off 
them. They wore of comparatively somewhat delicate ])ro])ortions, usually 
of a white colour and porcellaneous asj)e(d, and had, through metamor- 
phosis, a granular chalk-like internal texture. 

Flint implements were not the only human industrial remains found in the 
Cave-earth, as it had yielded a bone needle with a well-formed eye, three 
bone harpoons (one of them barbed on both sides, and the otliers on one only), 
a bone pin, a bone awl, and a badgers tooth liaving its fang artificially 
perforated for the purpose apparently of being strung with oUht objects to 
form a necklace or bracelet, thus indicating that tlie Cave-dwellers of the 
hyeenine period occupied themselves in making ornaments as well as objects 
of mere utility. 

The imydements from the Breccia are much more rudely formed, more 
massive, less symmetrical in outline, and have been made by operating, not 
on flakes, but directly on nodules derived from supra cretaceous accumula- 
tions, and generally retain some traces of the original surface. One of 
the specimens, however, is a mass of flint which may have been a core ” 
from which flakes were struck, or, what seems not less probable, the useless 
result of an abortive attempt to make a tool. 

No such implements have been found in the Cave-earth, nor have any of 
the comparatively slender, symmetrical, and well-finished tools of the more 
modern deposit been met witli in the more ancient. They are by no means 
so abundant as those of the Cave-earth ; that is to say, a given volume of 
Breccia does not yield so man^^ im])lcment8 as an equal volume of the more 
modern accumulation. Whether equal periods of time are represented by 
equal volumes of deposit in the two cases, or whether equal periods of time 
represent equal numbers of human cave-dwellers or tool -makers in the two 
eras, are questions into which it is not possible to enter at present. 
Omitting rude flakes and mere chips, as well as the “ core ” just mentioned, 
the Breccia up to this time has yielded no more than eleven 8j)ecimen8. It 
must be remembered, however, that the time during which the Committee 
have been excavating Breccia is comparatively^ very short. 

That the implements from the Breccia belong to a ruder ago than those 
from the Cave-earth may probably be safely concluded from their much 
ruder form and finish, and also, if negative evidence be trustworthy, from 
the entire absence of bone tools of any^ kind. That they belong to an earlier 
period is obvious from the position they occupied : they were lodged in a 
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deposit which, when the two were found in the same vertical section, in- 
variably underlay the Cave- earth. In fact, the Breccia in which every one 
of the tools was found actually had Cave-earth vertically above it. 

That the chronological interval which separated the era of the older ruder 
tools from that of the others was a great one is indicated by several facts : — 

Ist. The conditions under which the two accumulations were deposited 
on the same area were so dissimilar, that the older mass consisted of sub- 
angular and rounded pieces of grit imbedded in a sandy paste produced by 
the attrition and disintegration of the same materials, whilst the less ancient 
deposit was formed of angular fragments of limestone mcorx)orated in fine 
clay. 

2nd. The two deposits were separated by a sheet of crystalline Stalagmite, 
in some places almost 1 2 feet thick. 

3rd. After the Breccia had been sealed up with the Stalagmite just men- 
tioned, the latter was, in extensive parts of the cavern, broken up by some 
natural agency, and much of the Breccia was dislodged, before the first instal- 
ment; of Cave-earth was introduced. 

4th. The faunai of the two periods were also dissimilar : that of the Breccia 
did not include the hya3na, which plaj’ed so important a part in the 
cavern -history during the Cave-earth period, and whose agency, next to that 
of man, has made cavern-searching an important branch of science. His 
absence in the one fauna and his presence in the other, may probably be 
safely taken as indicating that after, but not during, the period of the 
Breccia, Britain was connected with the continent, and thus rendered it 
possible for him to reach this country. In other words, the earliest human 
Devonians at present known to us saw this country an island as at present ; 
but it had become part of continental Europe before the arrival of the Cavern- 
liyapna amongst their descendants. 

Without attempting to estimate the amount of time represented by the 
less ancient Cavern deposits (the Black Mould, the Granular Stalagmite, and 
the Cave-earth), it seems impossible to doubt that the period indicated by 
the formation of the Breccia and the Crystalline Stalagmite, and the 
destruction and dislodgment of much of them, must be at least as great. 
In other words, and 8])eaking only for myself, however far back in time 
the fabricators of the Cave-earth tools take their stand, I cannot hesitate to 
place those of the implements of the Breccia as much further back. Most 
of us remember, and perhops few of us can be surprised at, the alarm occa- 
sioned by the antiquity of man made known by the researches in Brixham 
Cavern in 1858 ; and now I cannot doubt that cavern-researches growing out 
of those just mentioned make a reasonable and irresistible demand to have 
that antiquity at least doubled. 

What may be the relation of the Cave-men w^hose eleven tools are now 
before us to preglacial times, I will not presume to say ; but I cannot divest 
myself of the idea that a complete exploration of Kent’s Hole is calculated 
to give a definite reply to that question. 

Meanwhile it may not be without interest to remark that, up to the pre- 
sent time, as the Cavern exhibits to us more and more ancient men, it shows 
us that they were ruder and ruder as we proceed into antiquity. The men 
of the Black Mould had a great variety of bone instruments ; they used 
spindle-whorls, and made pottery, and smelted and compounded metals. 
The older men of the Cave -earth made a few bone tools ; they used needles, 
and probably stitched skins together ; but they had neither spindle-whorls, 
nor pottery, nor metals ; their most powerful weapons were made of flint 
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and chert, rqany of them symmetrically formed and carefully chipped ; but it 
seems never to have occurred to them to increase their efficiency by polish- 
ing them. The still more ancient men of the Breccia have left behind them 
not even a single bone tool ; theii’ flint implements are rude and massive, 
show but little attempt at regularity of outline, and are but rudely chipped. 


Report of the Committee^ consisting of Dr. Gladstone, Dr. C. R. A. 

Wright, and W. Chandler Roberts, appointed for the purpose of 

investigating the Chemical Constitution and Optical Properties of 

Essential Oils, Drau^n vp by Dr. Wright. 

Since the last Meeting of the Association, a number of points connected with 
the experiments then made have been fully worked out, and some interesting 
information gained on the subject of isomerism among bodies of the terpene 
class and their derivatives. 

The action of nitric acid on the terpene of turpentine-oil has been shown 
by Schwanert to give rise to a non -crystalline acid (eamphresic acid), which 
is tribasic, and is expressed by the formula ; the terpene of nutmeg- 

oil has been found to give rise by similar treatment to oxalic acid, and an 
acid resembling honey when freshly prepared, but solidifpng to a crystalline 
mass on standing for some months. This has been termed Mynstisic acid ; 
its analysis agrees witli the foi’inula the -H.^0 ))eing lost at 

100° C., and 0 of the proportions of hydrogen la iiig replaceable by calcium. 
Simultaneously, toluic and terephthalie acids are produced by the oxidation 
of the cymene naturally admixed with the terpene. 

Hesperidene, the terpene of orange- oil, when treated in the same way, gives 
neither toluic nor terephthalie acid ; oxalic acid, and an acid much resem- 
bling myristisic acid but containing more oxygen, are formed ; this acid, 
which has been termed Hesperisic acid, is expressed by the formula 
2KJJ, the 2Kp being lost at 100°, and 0 proportions of hydrogen being 
replaceable by calcium. 

From the character of the oxidation products, it thus seems that the ter- 
penes of turpentine, nutmeg- oil, and orange-oil are not identical, but only 
isomeric — a conclusion already drawn from their different physical proper- 
ties {e,g, their boiling-points, 160°, 163°-164°, and 178° respectively); 
turpentine-oil when oxidized also gives rise to small quantities of terephthalie 
acid ; this, however, without doubt arises from the presence of cymene in 
ordinary turpentine (vide infra). 

Although hesperidene contains no cymene ready formed (as proved by the 
non-formation of toluic and terephthalie acids from it by oxidation, and the 
failure in extracting cymene by a method which readily yields that hydro- 
carbon when applied to oil of turpentine or to the mixed hydrocarbons of 
nutmeg-oil) it is nevertheless closely related to that substance ; by cautiously 
adding two equivalents of bromine to one of hesperidene, a dibromide is 
formed (with evolution of heat) : on attempting to distil this product it 
breaks up into hydrobromic acid and cymene, thus, 

+HBr =C„H.,+ 2HBr. 

An intermediate unstable body, CjoH Br, appears to be formed ; but three or 
four distillations suffice to break i^p the dibromide almost wholly into cymene 
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and hydrobromic acid : a small quantity of non-volatile resinous matter is 
formed; otherwise the yield of cymene approaches the theoretical quantity. 

Precisely the same result takes place on adding two equivalents of bromine 
to the lowest- boiling fraction of nutmeg hydrocarbons (boiling at 163^-1 64°, 
and containing 10 to 12 per cent, of cymene ready formed), with these dif- 
ferences — that the yield of cymene is much less in this case, half the terpene 
present being converted into non-volatile black resinous substances, and, 
secondly, that much more heat is generated by the union of a given quantity 
of bromine with the nutmeg- terj)ene than is with the same amount of hes- 
peridene. The higher the boiling-point of the original terpene, the more 
readily does its dibromide break up into cymene and hydrobroinic acid : thus 
hesperidene di bromide gives not far from the theoretical yield ; nutincg- ter- 
pene dibromidc about 50 per cent, only ; whilst turpentine dibromide is but 
little affected by heat alone (Opj)enhcim), although it does yield some cymene 
by this treatment (Greville Williams ; Earbier), — the boiling-points of the 
three terpenes being respectively 178°, 163°-1G*4°, and 160°. 

The same difference between hesperidene and the nutmeg-terpene is notice- 
able when equal quantities of the two are shaken up with their own bulks of 
strong sulphuric acid : the terpenes are i)olymerized, much heat being evolved, 
this evolution being much greater in the case of the nutmeg-terpene. Attempts 
to estimate quantitatively the difference in heat-development did not lead to 
any trustworthy results, beyond indicating the bare fact that there is a great 
difference. 

Taking into consideration these circumstances, together with the researches 
of Fabre and 8ilbermanii on the heats of combustion of acids of the acetic 
series and compound others isomeric with them, and on the hydroearbons of 
the olefine family, it appears extremely probable that the higher the boiling- 
point of any member of a series of isomerides, the greater is the affinity 
between its constituent elements {l.e. the greater is the work performed in 
their union), and consequently the less is what may be termed the intrinsic 
chemical energy of the compound (<*. e. the less work can be obtained by the 
conversion of a given weight of the compound into other constant products) ; 
or in other words, the heat of combustion of an isomerlde of higher boiling- 
point is less than that of one of lower boiling-point. It has not yet been found 
practicable fo test this point in the case of the isomeric terpenes, first, on 
account of the difficulty of obtaining perfect combustion, and other experi- 
mental errors, and, secondly, on account of the difficulty in getting terpenes 
free from cymene to operate on. It is, however, hoped that some satisfac- 
tory evidence on this head may be obtained whenever the experiments on 
various oils &c. have disclosed the existence of a terpene which, like hesperi- 
dene, appears to be one single homogeneous body of formula ; in the 

mean time the author cordially invites all chemists who are interested in this 
point, so vitally connected with the subject of isomerism, to submit it to the 
test of experiment in any cases that may seem to them promising. 

In order to make sure that thecymenes thus obtained from hesperidene and 
nutmeg-terpene are identical with the ordinary cymene from cummin-oil, a 
careful examination was made of specimens of cymene derived from every 
available source. Fittig, Ktibrich, and Jilke have shown that the cymene ob- 
tained from camphor by the action of zinc chloride is mixed with a large 
number of other substances ; this circumstance appears to have misled Kekule 
and others into the belief that there are two distinct isomerides, a conclusion 
entirely negatived by the experiments described below. 

The cymenes from the dibromides obtained as above were purified by frac- 
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tional distillation, and their optical properties were determined by Dr. 
Gladstone ; their corrected boiling-points were accurately determined ; com- 
bustions were made of them ; and the products of their oxidation by chromic 
acid were carefully studied. Other cymenes from the undermentioned sources 
were also submitted to the same treatment. 

A. Cymene from Myristicol by the action of Zinc Cldorkle. — When myristicol 
is treated with solid zinc chloride in a small retort, a ])owcrful action takes 
place before the boiling-point is reached, water and cymene distil over, and 
a non-volatile resinous mass is left in the retort. This resinous mass appears 
to be formed by the reaction 

2n(C.„n,„0)=nH,0+(C,,ir,.p)„. 

After purification by shaking up with sulphuric acid and distillation over 
sodium, the distillate yields tolerably pure cymene. 

B. From Myristicol by the action of J^hosphonis Pcntacbhride. — As stated 
in last year’s Keport, myristicol, when treated with 2 )hospliorus pcntachloride, 
undergoes the reaction 

PCI, -f = POCI 3 -f HCl -f CJf Cl ; 

the resulting body, breaks up on heating into hjalrochloric acid and 

tolerably pure cymene. 

C. From Camjdwr by Phosjdiorus Pentacldoride, — Louguinine and Li])])mann 
have shown that the chlorinated body. Cj^,II,.Cl, obtained by G(‘rhar(lt and by 
Pfaundler by the action of })hosphoru 8 jamlachlonde on cainjdior, breaks up 
readily on continued distillation, forming hydroeliloric acid and ai) 2 mrently 
pure cymene ; their experiments were repeated, and their results confirmed in 
every respect. 

D. Cymene from Hydrocarbons of Nntmey~oiI {preea'istiny). — As stated in 
last year’s lieport (Appeiidix), by treating th(‘ lowest-boiling fraction (ld3°- 
164°) of nutmeg hydrocarbon with strong suljhuric acid, tlu* terpeme is ])oly- 
merhzed ; the resulting mass, when diluted with water and distilled, furnished 
a crude cymene, which may be purified by rei)etition of the jjrocess and frac- 
tional distillation over sodium. 

E. Cymene 'preexisting in Tnrj)e/ntine, — Turpentine-oil was distilled over 

sodium, and found to boil at on treatment with sulphuric acid 

&c., about 3 per cent, of cymene was isolated. 

Recently Itiban has published some experiments almost identical in their 
result with the foregoing observations (made in September and October 1872); 
he, however, concludes that the cymene is derived from the terpene through 
the oxidation of by the sulphuric acid. The author dissents from this con- 
clusion for various reasons, the two chief ones of which are that hesperidene 
yields no cymene whatever by this treatment (although it does by bromine 
and heat), and that cymene may be obtained from nutmeg hydrocarbons or 
from oil of turpentine without evolution of sulphur dioxide, if very great care 
be taken. 

Kekule, also, has recently obtained cymene from oil of turpentine by con- 
tinued distillation along with iodine ; he considers that a diiodide is formed 
and split up into hydriodic acid and cymene by the heat employed : this is by 
no means improbable ; but it is not impossible that the iodine simply poly- 
merizes the terpene present, leaving the cymene originally present unaltered. 

F. Cymene from Cummin-oil. — Cummin-oil was distilled, a non-volatile 

resin of empirical formula being left in the retort ; the distillate was 

shaken with sodium bisulphite and the uncombined cymene purified by treat- 
ment with suli)huric acid and distillation over sodium. 
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G. Cymene from Hesperidene Dibromide. 

H. Cymene from Nutmey-terpene Dibromide. — This cymene, of course, also 
contained the cymene which preexisted in the hydrocarbon used ; the pre- 
existing cymene was about 10-12 per cent, whilst the total cymene obtained 
was 55 per cent, of the liydrocarbon used. 

The following wore the physical characteristics of these specimens : — 



Boiling-point 

(corrected). 

Corrected 



Specific gravity 
(at about 15^). 

Specific refractive 
energy (line A ). 

Specific 

dispersion. 

A 

o o 

173 -177 

0*842 

0-5.j80 

0*0374 

B 

17() -178 

0-80)2 

0*5500 

0*0404 

C 

175 -178 

0*802 

0-5628 

0*0424 

J) 

173 -177 

0*803 

0*5501 

0*0401 

E 

174 -177 

0*855 

0*5581 

0*0393 

E 

175-5-1 77-5 

0*857 

1 0*5023 

0-0414 

G 

175*5—177*5 

0*802 

0*5f>07 

0*0414 

i H I 

170 -178 

1- i 





Each of these eight specimens gave analytical numbe^rs agreeing with the 
formula On oxidation with dichromatc of potassium and sulphuric 

acid the same result was obtained in each case ; viz. pure terephthalic acid 
was obtained in quantity varying from 30 to 00 j)er cent, of hydrocarbon 
used, no isophthalic acid being formed, and acetic aend perfectly free from 
higher homologues was obtained, the results being verified by analysis of the 
products. 

It is hence inferred that only one kind of cymene exists, and that that 
boils at very close upon 170°*5, having a specific gravity of 0*800, a specific 
dispersion of 0-0405, and a refraction -equivalent of 75*0. The production 
of this cymene from four isomeric terpenes, viz. turpentine-oil (Williams, 
Barbier, Oppenheim), citrene (Oppenheim), hesperidene (Wright), and nut- 
meg-terpene (Wright), gives rise to many speculations as to the mutual 
relations of these substances. It maybe noticed as regards their formulariza- 
tion in accordance with modern conventions, that Kekule’s formula for benzene 
permits of the ascription of three formulae only for bodies that are dihydrides 
of cymene if this hydrocarbon be viewed as a 1*4 benzene derivative, but of 
six if it be considered a 1-2 derivative or a 1*3 derivative. If, there- 
fore, it be assumed, as seems most probable, that cymene belongs to that 
series to which 1*4 formulae are ascribed, it must be supposed that at any 
rate one of these four terpenes is either a 1*2 or a 1*3 derivative. Now, 
whatever may be the actual nature of the process symbolically indicated by a 
transference of a group of symbols from one part of a ‘‘ structural ’’ formula 
to another, it is pretty evident that it must correspond to the performance of 
work of some kind, and hence is intimately connected with the subject 
touched upon above, viz. the relations between ‘‘ Intrinsic Chemical Energy 
and Isomerism. Were it possible to estimate the amounts of heat involved 
in the reactions 

C.„H.,Br, =2HBr+C„H„ 



218 


KEPORT — 1873. 


in various cases, some light might be thrown on this question ; hut unfortu- 
nately this appears to be impracticable. 

With a view to obtaining another variety of cymene for comparison with 
the above, some experiments were made with citronella-oil, which was found 
by Gladstone to contain a substance boiling at 199*^-20/)°, and agreeing in 
composition with the formula ; it was expected that this body would 

behave like myristicol on treatment with zinc chloride or phosphorus penta- 
chloride. On examining about GOO grams of pure oil of citronella obtained 
from Messrs. Piesse and Lubin, however, no quantity of this constituent 
could be isolated ; the great majority of the oil is made up of a substance 
which agrees tolerably accurately with the formula and boils at near 

210°; the action of heat on this substance, however, alters it, converting it 
into substances of higher boiling-point, and finally into a resin not volatile at 
the limits of the mercurial thermometer : this resin appears to be a polymeride 
of minus the elements of a portion of water. 

The examination of the citronella products is not yet com})lete, and the 
account of them is therefore deferred until next year ; the following points, 
however, appear to be made out. 

By the action of zinc chloride the body splits up partially into 

water and a hydrocarbon, or mixture of hydrocarbons, boiling ladween 170° 
and 180°, and approximating to the formula ; so that ai)parently the 

action is mainly 

A large quantity of a resinous body which approximates to the composition 
is simultajieously formed. 

By the addition of two e(juivalents of bromine to tlu* body beat is 

developed; on distillation of the resulting brominated lifjuid (which docs not 
crystallize on standing) it breaks up into water, hydi’obromic acid, and a 
hydrocarbon which appears to be cymene, formed thus — 

C\„H,„Br/)=H,() + 2IIBr+ C, 

It is proposed to continue these researches in whatever direction may seem 
most promising for the fulfilment of the object in view, viz. the obtaining of 
additional knowledge on the subject of isomerism in the terpeno series and 
their derivatives. The strong tendency of most of these substances to poly- 
merize and alter, forming resinous non-volatile masses, renders working on this 
subject somewhat difficult, large quantities of raw material being requisite in 
order to obtain sufficient of any given derivative to submit it to careful study. 
From what has been already done, together with the results obtained by 
Baeyer, Oppenheim, Kekule, Barbier, &c., it appears that the constituents of 
the “ Essential Oils (which are most frequently either terpencs or deriva- 
tives from terpenes) are intimately connected with the benzene series of 
hydrocarbons; it is proposed to study these connexions more minutely 
wherever practicable. 

Appendix. 

Further experiments, made since the above Report was written, have con- 
firmed the formula as that of the main constituent of the sample of 

citronella-oil examined ; phosphorus sulphide acts on this substance just as 
zinc chloride, producing a terpene boiling at 1G0°--1G5°, and polymeridcs of 
higher boiling-point. The cymei^e obtained by the action of bromine ai)pcars 



ON THE METHOD OF MAKING GOLD-ASSAYS. 219 

to be identical with that obtained from the eight sources described in the 
above Keport. 

The main constituent of oil of wormwood (termed by Gladstone AhsintJiol, 
and indicated by the formula when treated with zinc chloride or 

phosphorus sulphide, splits up in exactly the same way as its isomerides 
myristicol and camphor, water and cymene being formed, thus, 

the cymene thus formed is identical with that obtained from the other sources 
examined. The action of phosphorus sulphide also gives rise to the produc- 
tion of a sulphuretted compound apparently identical with the iJiiocymene^ 
. SH, recently obtained bj’ Fleseh from the products of the action of 
phosphorus sulphide on camphor. Further details are postponed until next 
year’s lieport. 

From the circumstance that different observers have frequently obtained 
different results in the examination of certain kinds of essential oils {e. g. the 
different properties and compositious of myristicol and the oxidized consti- 
tuent of citronella-oil found by (Gladstone and by the writer), it would seem 
that the composition of such oils is subject to variation, probably with the 
age of the plant, the season, climate, &c. 


Report of the Comonttee, consisting of W. Chandler Roberts, Dr. 
Mills, Dr. Boycott, and A. W. Gadesden, appointed for the pur- 
pose of inquiring into the Method of making Gold-assays^ and of 
slating the Results thereof. Drawn up by W , Chandler Roberts, 
Secretary. 

The attention of the Committee was first directed to a series of experiments 
instituted with a view to ascertain to what extent the weights of pieces of 
pure gold would be affected by submitting them to the process of assaying, 
and consequently how far the results of assay operations are trustworthy. 

These results showed* that the maximum error in no case exceeded one 
hundredth per cent, of the original weight of the assay piece, and conse- 
quently that the results obtained by assaying gold represent the composition of 
the portions of metal under examination to the part — a fact which will 

doubtless appear remarkable to all who are accustomed to the ordinary 
methods of quantitative analysis. 

The Committee are not unmindful that, although it is possible to attain this 
high degree of accuracy, it is nevertheless well known that a comparison of 
the assay reports of different assayers as to the composition of the same 
ingot often discloses discrepancies of parts. Thus portions of metal 
from nineteen gold ingots were assayed by the Mint Assayerf, and were 
then sent to five assayers, each of whom furnished an independent report. 

Two assayers alone agreed as to the value of fifteen of these ingots ; in 
the case of three ingots, three assayers were in accordance, while in one 
instance all the assay reports differed ; and viewing the reports generally, 
the discrepancies varied from to or an average deviation of 
parts. 


* Appendix I. 


t Appendix II. 
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These small variations assume serious proportions when they affect the 
value of large quantities of bullion ; for instance, the value of gold coined at 
the Mint during the past year was <£15,200,000, and a persistent error in 
the assay reports of only part would have been attended with a gain or 
loss to the Department of no less than X1500. 

The Committee hope that their labours will ultimately result in a clear 
definition of the conditions under which errors arise. 

The method of gold-assaying, as practised in the Mint, is given in the 
Appendix*; and this mctliod, known as the parting assay, has been de- 
liberately adopted by all assayers, with sliglit variations of manijmlation, 
which have not as yet been minutely examined, as the Committee considered 
that when widely divergent results are obtained the gold em])loyed by one or 
other of the assa 3 ^ers as ‘‘ check pieces ’’ is impure, and that C'ither the amount 
of impurity has not been ascertained with aceurat‘y, or it altogether escapes 
detection. It follows, therefore, that the weight of the check cornets,” when 
compared with the initial weight of the portion of metal o])eratcd upon, ap- 
pears to indicate the presence of an amount of gold udiich is in excess of 
the true amount of precious metal })resent in the allo}'. 

The Committee obtained specimens of gold from different sources*, and 
tested them side by side with gold prepared, in accordancje with the direc- 
tions of the Lords Commissioners of Her Majesty's Treasury, by the Chemist 
of the Mint for us(^ as trial-plate for testing the coinage. 

Great care was taken in the preparation of this gold, SO ounces of which 
were precipitated from 1 00 gallons of chloride of gold ; and as experiments 
have already shown that it is very pure, the Committee ])ropose to adopt it 
as the basis for a new series of comparisons, and, .further, to invite assaj’ers 
to submit samples of the gold used bj’ them in order that they ma^’ be 
tested side by side with this standard plate. 

APPENDIX. 

No. I. 

Experiments to determine the effect produced on the weight of assay pieces 
of fine gold (each weighing 1000) by submitting them to the process of 
assay. 


Experiment. 

Weight of each portion 
of fine gold grm., 

or 1000-0 assay units. 

Final weight of gold 
obtained. 

I. 

1000-0 

999-98 

II. 

1000-0 

UXX)-08 

III. 

1000‘0 

io(H)or) 

IV. 

1000-0 

1000-10 

V. 

lOOO-O 

l(XK)-04 

VI. 

1000-0 

KKKHX) 

VII. 

1000-0 

1000 09 

VIII. 

1000-0 

999-92 

IX. 

1000-0 i 

10(K)-0-i 

X. 

1000-0 1 

1000-05 


Mean 

1 1000-045 


Appendix HI. 
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No. II. 


Mint 

Assays. 

Bars. 

Assayers. 

Agreements. 

Maximum 
difference 
in tenths 
of a 

Milliemo. 

A. B. 

1 

! ^ 

D. 

E. 


No. 

! 

i 





997*4 

lo. 

907 S 9971 1 99(;-9 

997-4 

997-4 

2 

•5 

997*0 

10. 

997*8 997*8 

: 997*0 

998*5 

998 

2 

•9 

997*() 

17. 

997 8 997*9 

! 997*5 

997*2 

997*9 

2 

•7 


18. 

997 4 997*5 

997 7 

997*5 

997*0 

2 

•3 

990 7 

19. 

997 1 997 

997 

997*4 

997*2 

3 

•4 

990*,0 

20. 

99()*3 990*4 

99()*4 

997 

990*1 

2 

*9 

997*4 

21. 

997-G 997-« 

997 2 

997*8 

997*8 

3 

•0 

998*1 

22. 

998 997-1 

997 0 

997 4 

998 1 

2 

2 

} 

997*4 

23. * 

997*5 997*5 

998 

998 

997-8 1 

2 

9 

} ■*'' 

1 9S()-0 

24. i 

987 987 1 

(187-4 

987 4 

987*2 

2 

1 J 

! -4 

1 990 4 

25. 

98t)*8 989 1 

989*4 

989 8 

989 3 

2 

d 

1 9<S4*8 

2(1 

985 984*8 

4 

985*(*) 

1 985 

2 

*8 

980, 1 

27. 

98r>*2 98(*) 

98C, 1 

98()*8 

980*3 

2 

*7 

1 980 ' 

28. ! 

989 989*3> 

<18<.l-4 

989 8 

989 4 

2 

•8 

^ 988 0 

29. 

98S0 988 5 

988 8 

989 1 

988*7 


-0 

984*9 ! 

30. 

985 3 985 

985*4 

985*3 

985*1 

2 

*4 

980 2 1 

31. 

980 (i 98(»0 

980 8 I 

98o*(; 

981 

3 

♦4 

978*1 

32. 

978*8 978 

978 1 ! 

978 0 

978*1 

2 

•8 

97iC2 1 

33. 

979 8 979 5 

979 9 ! 

980 

979 5 

2 

•5 

977*9 

3-1. 

978 8 977*9 

978*9 , 

978 8 

978 3 

2 

1*0 






Average 

•6 


No. III. 

Gold-aasai/iiif/, 

The ])roeess of p;ol(I-assayiii" com prises six distinct operations : — 

\st prove s)i . — The portion of metal to he assayed is adjusted to an exact 
weight by cutling and filing. 

2nd process , — The accurately weighed portions of alloy are added to 
molten admixtures of lead and silver contained in porous cups or “ cupels ’’ 
of bone ash, which are arranged in rows in a muffle or small oven. The pro- 
portions of the latter metals arc calculated so as to bear a definite relation 
to the supposed amount of gold and base metals present in the alloy. 

liesidt . — The lead oxidizes and is absorbed by the porous “ cupel/’ together 
with the copper and other oxidizable metals, and the silver and gold remain 
in the form of a button, wliich may also contain platinum, iridium, or metals 
possessing similar properties. 

*drd process . — The button is reduced by rolling to a thin strip, which is 
annealed and bent into a loose coil or “ cornet.” 

4th process . — The “ cornet ” is ])laccd in nitric acid of the specific gravity 
of 1*25, and the acid is maintained at incipient ebullition for 15 minutes; 
the coil is then treated in a similar manner with nitric acid of specific 
gravity 1*4. 
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Result , — The silver is removed by the action of tlio acid ; and the gold 
remains in a spongy state. 

bth process . — The sponge of gold retains the original form of the coil ; hut 
it is necessary to impart a certain degree of coherence to the metal by 
annealing it at a dull red heat. 

It may be observed that a small quantity of silver is invariably retained by 
the gold. It is necessary therefore to make check assays on pure gold or on 
standards of known composition, upon which the accuracy of the result will 
in a great measure depend. 

^th process. — This, the concluding process, consists in weighing the gold 

cornet.^’ The weights implied bear a decimal relation to the original 
weight of the assay piece operated upon ; and therefore the amount of gold 
present in the alloy is at once indicated without further calculation. 


Table showing the Relative Purity of Samples of Gold prepared by 
different Methods. 


Sample. | j 

A / 

1 

From a dilute solution of chloride of gold ; 
by sulphurous acid gas j 

. lOOO-OO 

B. 

From chloride of gold by oxalic acid .... 

999d)8 

c.{ 

The trial-plate, prepared by same process ; ] 
as Sample A J 

999-95 

J). 

! 

099*98 


E. 

Prepared hj ft | 

999*80 

F. 

Prepared by y 

999*70 

G. 

1 

Prepared by 0 

999*60 


First Report of the Committee for the Selection and Nomenclature of 
Dynamical and Electrical Units, the Committee consisting of Sir 
W. Thomson, Professor G. C. Foster, Professor J. C. Maxwell, 
Mr. G. J. Stoney, Professor Fleeming J enkin, Dr. Siemens, Mr. 
F. J. Bramwell, and Professor Everett (Reporter) . 

We consider that the most urgent portion of the task intrusted to us is that 
which concerns the selection and nomenclature of units of force and energy ; 
and under this head we are prepared to offer a definite recommendation. 

A more extensive and difficult part of our duty is the selection and nomen- 
clature of electrical and magnetic units. Under this head we are prepared with 
a definite recommendation as regards selection, but with only an interim 
recommendation as regards nomenplature. 
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Up to the prcaent time it has been necessary for every person who wishes 
to specify a magnitude in what is called “ absolute measure, to mention the 
three fundamental units of mass, length, and time which he has chosen as 
the basis of his system. This necessity will be obviated if one definite selec- 
tion of three fundamental units be made once for all, and accepted by the 
general consent of scientific men. We are strongly of opinion that such a 
selection ought at once to be made, and to be so made that there will be no 
subsequent necessity for amending it. 

We think that, in the selection of each kind of derived unit, all arbitrary 
miiltijdications and divisions by powers of ten, or other factors, must be 
rigorously avoided, and the wdiole system of fundamental units of force, work, 
electrostatic, and electromagnetic elements must be fixed at one common 
level — that level, namely, which is determined by direct derivation from the 
three fundaraentL’l units once for jill selected. 

The carrying out of this resolution involves the adoption of some units which 
ai’e excessively large or excessively small in comparison with the magnitudes 
which occur in practice ; but a remedy for this inconvenience is provided 
by a method of denoting decimal multiples and submultiples, which has 
already been extensively adopted, and which we desire to recommend for 
general use. 

Oji the initial question of the particular units of mass, length, and time to 
l)(‘ recommended as the basis of the whole system, a protracted discussion has 
hi‘eii carried on, the principal point discussed being the claims of the gramme, 
the metre, and the second, as against the gramme, the centimetre, and the 
second,- -the former combination having an advantage as regards the simpli- 
city of the nano* metre, while the latter combination has the advantage of 
making the unit of mass practically identical with the mass of unit-volume 
of water — in other words, of making the value of the density of water prac- 
tically equal to unity. We are now all but unanimous in regarding this latter 
element of simplicity as the more important of the two ; and in support of 
this view we desire to quote the authority of Sir W. Thomson, who has for a 
long time insisted very strongly upon the necessity of employing units which 
conform to this condition. 

We accordingly recommend the general adoption of the Centimetre, the 
Gramme, and the Second as the three fundamental units ; and until such time 
as special names shall be appropriated to the units of electrical and magnetic 
magnitude hence derived, we recommend that they be distinguished from 
“ absolute ” units otherwise derived, by the letters “ C. G. S.’’ prefixed, these 
being the initial letters of the names of the three fundamental units. 

{Special names, if short and suitable, would, in the opinion of a majority of 
us, be better than the provisional designations *• C. G. S. unit of . . . 
Several lists of names have already been suggested ; and attentive considera- 
tion will be given to any fuiiher suggestions which we may receive from 
persons interested in electrical nomenclature. 

The “ ohm,” as represented by the original standard coil, is approximately 
10^ 0. G. 8. units of resistance; the “ volt^’ is approximately 10^ C. G. S. 

units of electromotive force ; and the farad ” is approximately i of the 

C. G. S. unit of capacity. 

For the expression of high decimal multiples and submultiples, we recom- 
mend the system introduced by Mr. Stoney, a system which has already 
been extensively employed for electrical purposes. It consists in denoting 
the exponent of the power of 10, which serves as multiplier, by an appended 
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cardinal number, if the exponent be positive, and by a prefixed ordinal 
number if the exponent be negative. 

Thus 10® grammes constitute a gramme-nine ; of a gramme constitutes 

a ninth-gramme ; the approximate length of a quadrant of one of the earth’s 
meridians is a metre-seven, or a centimetre -nine. 

For multiplication or di\dsion by a million, the prefixes mega * and micro 
may conveniently be employed, according to the present custom of electricians. 
Thus the megohm is a million ohms, and the microf(trad is the millionth part 
of a farad. The prefix mega is equivalent to the affix sLi\ The prefix ?n{cro 
is equivalent to the prefix sLvth. 

The prefixes kilo, hecto, deca, decl, centi, mlTli can also be employed in their 
usual senses before all new names of units. 

As regards the name to be given to the C. G. S. unit of force, wc recom- 
mend that it be a derivative of the Greek ^vt agis. The form dynamif appears 
to be the most satisfactory to etymologists. I)gnam is equally intelligible, 
but awkwai’d in sound to English ears. The shorter form, dyne, though not 
fashioned according to strict rules of etymology, will pro1)ably be generally 
preferred in this country. Bearing in mind that it is desirable to construct 
a system with a view to its becoming international, we think that the termi- 
nation of the word should for the present be left an oi)en (]U('slion. But we 
would earnestly request that, whichever form of the word be employed, its 
meaning bo strictly limited to tlic^ unit of force of the C. G. 8. system — that 
is to say, the force which, acting vjmn a gramme of matter for a second , gene- 
rates a velocity of a centimetre per second. 

The C. G. 8. unit of iv or k is the work done by this force working through a 
centimetre ; and we propose to denote it by some derivative of the Greek 
epyor. The forms ergon,* ergal, and erg have been suggested ; but the second 
of these has been used in a difierent sense by Clausius. In this case also we 
propose, for the present, to leave the termination unsettled ; and we request 
that the word ergon, or erg, be strictly limited to the C. G. 8. unit of work, 
or what is, for purposes of measurement, equivahmt to this, the 0. G. S. \mit 
of energy, energy being measured by the amount of work which it represents. 

The C. G. 8. unit of power is the power of doing work at the rate of one erg 
per second ; and the power of an engine, under given conditions of working, 
can be specified in ergs per second. 

For rough comparison with the vulgar (and variable) units based on ter- 
restrial gravitation, the folloAving statement will be useful : — 

The weight of a gramme, at any part of the earth’s surface, is about 980 
dynes, or rather less than a kilodyne. 

The weight of a kilogramme is rather less than a megadgne, being about 
980,000 dynes. 

Conversely, the dyne is about 1*02 times the weight of a milligramme at 
any part of the earth’s surface; and the megadyne is about 1*02 times the 
weight of a kilogramme. ^ 

The kilogrammetre is rather less than the ergon-eight, being about 98 
million ergs. 

The gramme-centimetre is rather less than the kilerg, being about 980 ergs. 

For exact comparison, the value of g (the acceleration of a body falling in 
vacuo) at the station considered must of course be known. In the above 
comparisons it is taken as 980 C. G. 8. units of acceleration. 

* Before a vowel, either Tneg or megal, as euphony may euggest, may be employed 
instead of mega, ^ 
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One horse^power is about three quarters of ^an erg -ten per second. More 
nearly, it is 7*46 erg-nines per second ; and one force-de-cheval is 7'36 erg-nines 
per second. 

The mechanical equivalent of one gramme-degree (Centigrade) of heat is 
41*6 mcgalergs, or 41,600,000 ergs. 

Appendix. 

Mr. Stoncy has requested the insertion of the following extract from one 
of his letters, written subsequently to the presentation of the foregoing 
Rej)ort : — 

‘‘ Would you oblige me very much by putting on record, either in the 
Keport or as a footnote to it, that the centimetre was recommended as the 
unit of length against my earnest remonstrance, and that I am in no degreq 
responsible for this decision. I would be glad to have the objections I urged 
against it stated also. They were, ‘ that it is far too small, and that its mul- 
tiples and submultiplcs cannot be briefly designated. From its being too 
small, it, in conjunction with the gramme and second, lands us in quite 
out-of-the-way mechanical units — the unit of force which results being but 
little more than the pressure of a milligramme, and the unit of work being 
but little more than the hundred thousandth part of a grammetre. This 
I deem a very serious objection.^ 

“ I still think that these awkward consequences, and the footing which 
the metre has already gained in science, will prove fatal to the recommenda- 
tion of the Committee, and that experience will show that the metre must in 
the end be accepted as the standard unit of length,” 


Report of the Committee^ consisting of Professor Phillips, LL . D .^ 
F.R.S., Professor Hakkness, F.R.S., Henry Woodward, F.R.S., 
James Thomson, John Brigc5, a7id L. C. Miall, on the Labyrin- 
thodonts of the Coal-measures, Drawn up 6?/ L. C. Miall, Secretary 
to the Committee, 

[Plates I., II., III.] 

TnE Committee have to report that some of their number have personally 
examined all the more im2)ortant examples of Labyrinthodonts in European 
collections, including at least one exaniide of every species recorded from the 
British Isles. They desire to thank many private collectors and officers of 
public museums for facilities afforded. 

The preparation of a memoir on the classification of the Carboniferous 
species is in progress ; meanwhile the Committee offer a preliminary sketch 
of the structure of the Labyrinthodonts. 

The Shull {general), — The general figure of the skull varies greatly in this 
order. It is usually triangular, with a rounded anterior end, and a concave 
posterior border, but may be oval, parabolic, pyriform, or hexagonal. In 
one species of Arcliegosaurus {A, Decheni) it is greatly produced, so that the 
length exceeds twice the breadth. More commonly the greatest breadth is 
nearly equal to the length. In Br achy ops the greatest breadth is rather 
more than the length. The upper and lower surfaces of the cranium are 
usually crushed flat. Barely, as in the single skull of Zygosaurus and in 
one example of Loxomma, is the original contour preserved. 
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The following bones hav# been 
thodonts : — 

- Premaxillaries (one or two). 
Maxillaries (two). 

JiTasals (two). 

Lachrymals (two). 

Frontals (two). 

Prefroiitals (two). 

Postfrontals (two). 

Postorbitals (two). 

Jugals (two). 

Parietals (two). 

Squamosals (two). 

Epiotics (two). 


identified in the skulls of Labynn- 

Supratemporals (two). 

Quadrato-jugals (two). 

Supraoccipitals (one or two). 
Exoccipitals (two). 

Parasphcnoicl. 

Pterygoids (two). 

Palatals (two). 

Vomers (two). 

Quadrates (two). 

Mandible (each ramus consisting 
normally of three pieces, vix, 
articular, angular, and dentary). 


There may thus- be forty-seven distinct elements present ; and this is appa- 
rently the number in Loxomma (PI. I.). 

In Treonatosaiirus the premaxillaries arc united. According to Cope* 
there is no quadrato-jugal in Parlostef/us, hut the maxillaries have a free 
termination behind. Fteroplax appears, from at least three well-preserved 
specimens, to have no maxillaries, resembling in this respect the recent 
Siren ; it wants also the postero-lateral ossifications external to the level of 
the orbits f. In Batrachiderpeton the maxillaries are undoubtedly absent, 
and the premaxillaries have a free posterior termination J. All the well- 
preserved mandibles hitherto examined have consisted of three pieces only 
in each ramus. Burmeister has described six elements as present in a 
shattered mandible of Trematosauriis § ; and Mr. Hancock records a splenial 
piece in the mandible of AnthracosaurmW, The jaw upon which this latter 
determination is founded is fragmentary, and the internal plate in question 
may prove to be part of the articular bone. At the time of the publication of 
the ^ Palaontologie Wurtembergs,’ Von Meyer seems to have attributed six man- 
dibular elements to Mastodonsaurus (pp. 18,25) ; but this is certainly erroneous. 
Prof. Huxley speaks of a splenial in Pachf/gonia and Gonioglyptus, 

The general disposition of these bones is similar to that of the Crocodilian 
skull. The resemblance is closer as regards the bones of the upper surface 
than with respect to those which compose the palate, and it does not hold 
good at all of the axial elements of the skull. The occipital and sphenoidal 
ossifications differ essentially from those of the Crocodile or any other reptile. 

The superior surface of the skuU is interrupted by five openings, viz. two 
nasal apertures or external narcs, two orbits, and a parietal foramen. The 
apertures of the ears are situate at the junction of the superior and posterior 
surfaces, adjacent to the epiotics. There are no lateral-temporal ^ or supra- 
temporal fossse, as in Crocodilia, nor any of the spaces unoccupied by bone 
which, in addition to the nasal apertures and orbits, break up the roof of the 
cranium in most existing Amphibia. {Dasyceps has a ‘‘ facial fontanelle ^^**.) 


♦ Trans. American Philosophical Society, voL xiv. N.S. pt. 1, p. 10 (1870). 
t Nat. Hist. Trans. Northumberland and Durham, vol. iv. pt. 1, p. 216 (1871). 
t Ibid. p. 216. 

I Die Labyrinthodonten aus dem bunten Sandstein, pt. 1, pp. ,‘18-41 (1849). 

I Nat. Hist. Trans. Northumberland and Durham, vol. iv. pt. 2, p. 388 (1872). 

1 Lateral-temporal fossfE hare been supposed to occur in Zygosaurus, See p. 235 
(footnote). 

See appendix by Prof. Huxley to Howell’s “ Memoir on the Geology of the Warwick 
Coal-field,” Mem. Qeol. Survey, p. 54. 
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The posterior or occipital surface is more of less vertical. It may present 
an occipital foramen, a pair of occipital condyles, the apertures of the ears; 
which are directed backwards, and the large openings of the palato -temporal 
or pterygoid fossae. On each side of the occipital bones there may project 
horizontally backwards the postcro-internal or epiotic cornua. The articular 
surface for the lower jaw forms the external and inferior angle, when it is 
well preserved. It appears to have been often in great part cartilaginous. 

The inferior or palatal surface of the cranium is rarely exposed. A para- 
sphenoid, as in Teleostean and Ganoid fishes and recent Amphibia, extends 
forwards from the occipital region, and passes into a rostrum or processm 
cultriformis in front. The posterior jiart of the parasphenoid is usually ex- 
panded, and presents lateral wings which are continuous with the pterygo- 
palatine processes. The palatine foramina, which are oval and usually of 
large size, are separated from each other by the processus cultriformis, or by 
this and the vomers together. A transvei'se bridge of bone, consisting of a 
pterygoid, or of a pterygoid and a palatal, divides the palatine foramen from 
the ])alato-tcmporal fossa. A narrow slip, furnished by the maxilla, and 
containing a row of teeth, lies along the outer edge of the mouth, and has 
the elongated palatal on its inner side as far forwards as the posterior nares. 
There are a pair of vomers, as in recent Amphibia. Like the palatals, they bear 
teeth. The posterior nares are oval or rounded apertures, varying a good 
deal in position. In Trematosaurus * they lie between the palatal, vomer, 
and maxilla, towards the fore part of the snout. In Anthracosaurus they 
are placed much further back, though probably bounded by the same bones. 
The longitudinal distance between the external and posterior nares may be 
considerable, as in Labyrinthodon'\ , or very short, as in Dasyceps%. The 
latter genus must have had nearly vertical nasal passages, like recent Batra- 
chia. In no Labyrinthodont is the prolongation backwards of the nasal 
passages at all comparable to that which obtains in Crocodilia. A pair of 
cavities lying in or adjacent to the premaxillaries may represent pits for the 
reception of mandibular tusks, or spaces occupied by membrane. The first 
explanation was proposed by Burmeister in his remarks on Trematosaurus ; 
but Yon Meyer observes that the apertures do not in all species of Labyrin- 
thodonta correspond with the position of the large teeth of the mandible. If 
this supposition be rejected, we must regard the apertures as anterior palatine 
foramina. 

The subcutaneous surface of the cranial bones is ordinarily sculptured. 
This sculpture may take the form of pits arranged in each bone round the 
centre of ossification. The pits sometimes pass into grooves towards the 
margin of the bone, and are then placed radially, all the grooves pointing 
towards one centre, which does not, however, in the adult necessarily, or 
indeed usually, occupy the middle point of the bone. The skull of Loxomma 
has a honeycomb surface ; and in Hylonomus^ the cranial bones are smooth. 

Besides these local systems of pits or grooves, a series of more continuous 
‘‘ mucous canals ” is seen in some genera, taking the form of semicylindrieal 
grooves which pass from before to behind along the face. These can^s vary 
much as to their extent and prominence. They may be confined to the 
muzzle, or may be found in the temporal and maxillary regions also. They 
are usually visible between and in front of the orbits, approaching each other 

♦ Burmeister, ‘ Die Labyrinth odon ten aus dera biinten Sandstein. I. Trematosaurus 
(1849). 

t Owen, * Trans. Oeol. Soc.’ vol. vi. 2nd series, p. 531 (1842). | Huxley, loc. cit. p. 56. 

§ Dawson, ‘ Acadian Geology,’ 2nd ed. p. 371 (1868). 

Q 2 



228 


REPORT — 1873 . 


in the interorhital space, and receding from each other over the parietal 
tract. Sometimes they are seen to converge once more towards the anterior 
or external nares, completing thus the figure of a lyre, which they have been 
thought to resemble. They become deeper and more defined with age. 

In Eurmeister^ distinguishes frontal, malar, and maxillary 

canals Stirn-, Eacken-, und Mundrand-Furchen ’’). The frontal canals are 
first “conspicuous between the ahterior nasal apertures, running parallel to 
each other at this point. They pass in diverging curves backwards across 
the snout, are approximated towards the orbits, immediately behind which 
they diverge again, and then terminate. The malar canals are somewhat 
broader. They pass forwards from the aperture of the ear to the centre of 
the postorbital, curve downwards to uear the angle of the mouth, where they 
touch the maxillary canals, and then take a nearly straight course across 
the jugal and supratemporal to the posterior margin of the skull. The 
maxillary canals arc faintly marked at their origin near the tip of the 
snout, but become gradually broader and deeper. They rise a little upon 
the side of the skull halfway between the nasal a])ertures and the orbits, 
but are contiguous to the edge of the mouth throughout the rest of their 
course. They disa])pear gradually near the angle of the mouth. The mucous 
canals of Mastodo'nsaarus are very similar, hut the lyi'a is more dilated and 
more regularly oval. In Gonior/lyjytusf the facial canals are strongly angu- 
lated, curving outwards and forwards from the interorhital spiice, and then 
suddenly becoming parallel. 

In Arche(/osaun(s the mucous canals are visible only in the large skulls. 
They are distinct along tlic inner border of the orbit, passing thence for- 
wards upon the prefrontal, and backwards iij)on the postfrontal and supra- 
teraporal. Eurmeistei‘’s restoration J seems to cxhi})it the canals too pro- 
minently upon the proorhital part of the face. 

In Loxomma the canals pass in simple curves from the inner borders of 
the orbits to the posterior external angles of the ])reinaxillarics, and arc 
united in front by a slightly curved canal which runs along the free border 
of the premaxiilaries above the alveolus. A short maxillary canal is pre- 
sent in this gojius. 

The skulls of Crococlilia agree with those of the Lahyrinthodonts in having 
a pitted sculpture, though in the former order the pits and grooves are not 
usually radiate. Mucous canals arc not found in Crocodilia. Both kinds 
of sculpture are, in all probability, related to the nutrition of the cutis. 

The cranial bones (with the exception of the quadrate and parts of the 
occipital segment in many Carboniferous Lahyrinthodonts) are fully ossified, 
and this from the time that the animal leaves the shell. As a rule, no inter- 
spaces or fontanelles are visible at any age§, though examples of ArcJiego- 
saurus of embiyonic size, in which the skull was not more than one twentieth 
of the length of the adult state, have been examined with reference to this 
point. 

This mode of development of the skull is not confined to Lahyrinthodonts. 
In Crocodilia the same thing is observed. A recently hatched Crocodile pre- 
sents no cranial interspaces or fontanelles. JS'ot only are the sutures of the 
Crocodilian skull closed before the end of embryonic life, but the frontals and 

* Trematosaurus, p. 6. 

t Huxley, “Vertebrate Fossils from the Panchet Rocks,” Palajontologica Indica, p. 5, 
t. vi. f. 1 (1865). 

f Arcliegosaurtti, p. 8. t. iv. fig. 1. 

j A membranous interspace, or “ fa(^ial fontanello,” exists in Dasyceps. 
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parlotals, originally paired bones, are respectively united at that early period. 
This rapid formation of a solid and compactly articulated skull does not pre- 
clude the further growth of every separate bone. In both Crocodilia and 
Labyrinthodonts the skull ultimately becomes many times as large as it was 
at birth, retaining all the time its accurately closed sutures, and increasing 
by additions to all the borders of each ossification. The growth of the Cro- 
codilian skull appears to be quite indefinite, endirjg only with the lif^ of the 
individual ; and the same may have been true of the Labyrinthodont. This 
mode of enlargement is compatible with great progressive changes in the 
proportions of the skull. In Crocodilia and Labyrinthodonts alike, the face 
increases more rapidly than the brain -case ; so th:it the orbits may recede 
from near the centre to the junction of the posterior and middle thirds of the 
skull. This is the case, for example, with Arclieyosaiiras DecJieni. 

All these peculiarities of the skull — the early ossification and junction by 
suture of the cranial bones, their indefinite or, at least, protracted growth, the 
generally persistent sutures which are implied thereby, the ever-increasing 
ratio of the entire skull to the chamber in which the brain is lodged, and, 
lastly, the pitted sculj)ture of the subcutaneous surfaces — are interesting 
})oints of physiological resemblance betw^een the Labyrinthodonts and Cro- 
codilia ; but they are too directly associated wdth mode of life and external 
conditions to support any argument as to zoological affinity. 

The orbits vary much as to size, position, and form. In Loxomma they 
arc *36 of the length of the skull along the middle lino ; in Dasi/ceps not 
more than *1. In Metopias they lie in the anterior half of the skull; in 
Mastodonsaurus they are nc^arly central; in Capiiosattnfs they lie in the 
posterior half. As to form, they may be round, oval, (dliptical, or irregular. 
In Pteroplax and Batrachklerpeton the outer bony w^all (at least) of the orbit 
seems to be deficient. 

The interorbital space and the external nasal apertures are equally variable. 

The Occipital Segment , — It is to be regretted that the occipital region of 
the Labyrinthodonts, especially of the Carboniferous genera, is so imperfectly 
known. 'No part of the skull would yield characters of greater zoological 
significance were its structure fully revealed. In most of the Carboniferous 
examples examined nothing is shown of the occipital segment, except one or 
two supraoccipital plates. The deficiency of occipital condyles in Archego^ 
saurus, of which many singularly perfect specimens have occurred, seems to 
show that, like the vertebral centra of that genus, they were never ossified, 
but remained cartilaginous throughout life. Loxomma^ on the contrary, 
which has well-ossified centra, has also ossified condyles ; they are small, 
■very convex, and closely approximated. In the Triassic Labyrinthodonts the 
occipital region was fully ossified; and these are our best guides to the 
structure of the occipital segment in the whole order. Even in the Ihdassio 
species the basioccipital is concealed by a parasphenoid, and the form of the 
occiput, with its numerous cavities and processes, is not favourable to the 
complete preservation of details. 

The boundaries of the component parts of the occipital segment have in no 
case been traced. It is probable that in the Mastodonsauria (e. g. Tremato- 
saurus) a pair of exoccijutals surrounded the foramen magnum*,’ and sup- 
ported the occipital condyles, that a cartilaginous supraoccipital, ultimately 
replaced by a pair of membrane-bones, surmounted the segment, and that in 
the basioccipital tract the cartilaginous primordial skull was never ossified, 
but was underlain and finally absorbed by the parasphenoid plate. In 
* Burmeistor, Trematosaurus, p. 24. 
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Archegosnurm the elements of the occipital segment proper may have been 
persistently cartilaginous, except so far as they were eiicroachcd upon by the 
Bupraoccipital and parasphenoid ossifications. The condyles were most 
probably entirely cartilaginous. Professor Owon^ supposes that “the head 
was connected by ligament, as in Protopteri, to the vertebral column of the 
trunk, and chiefly by the basioccipital part.’’ 

Th# existence of two lateral occipital condyles in this order is a feature of 
great morphological importance and zoological value. If, as Von Meyer and 
many other writers have supposed, the Labyrinthodonts are true Keptilia, they 
constitute the one exception to the rule that in each of the four higher classes 
of Vertebrata the number of occipital condyles is constant. 

The Parasphenoid (sphenoideum of Yon Meyer f and BurmcisterJ:). — In 
Trermtosaurus a large undivided bone underlies the base of the cranium, 
giving off on either side a postero-lateral process which joins the suspensorial 
peduncle. In front it passes into a rostrum ov processus cultrlformis, which 
separates the palatine foramina, and articulates in front with the vomers. 
Between the postero-lateral and the cultriform processes there is on each side 
a broad outstanding extension of the parasphenoid, which joins the pterygoid, 
and, together with that bone, separates the 'palatine foramen from the palato- 
temporal fossa §. Burmeister describes lateral ascending processes of the 
bone as passing upwards to join the margins of the parietals on the under- 
side of the crani^ roof and extending forwards to about the level of the 
parietal foramen ||. The parasphenoid of Mastodonsaurus has in general the 
same form and relations. 

In Archegosaurus a similar bone is found, but so displaced that its con- 
nexions cannot be accurately made out. It is of spatulate form — the posterior 
end being dilated and of rounded triangular or polygonal outline, while the 
anterior end is extended into a long slender processus cultrlformis. The ex- 
panded end is often displaced backwards so as to project beyond the base of 
the skull. The connexions of this bone with the pterygoid are shown in one 
of the examples figured by Von Meyer 1[. Its position with respect to the 
palatine foramen and the palato- temporal fossa appears to have been much 
the same as in Trematosaums ; but there is no trace of any postero-lateral 
process given off to join the quadrate. That bone has not, indeed, been 
identified in any specimen of Archegosaurus; nor is the mandibular articula- 
tion known in this genus**. The fore part of the parasphenoid of Anthraco- 
saurus is known ft. It agrees in aU essential points with that of Archegosaurus, 
Prof. Owen has figured a detached parasphenoid of Dendrerpeton associated 
with other bones ; but no mention is made of it in the textj J. 

In Loxomma the upper surface of the parasphenoid has bjDcn examined. 
About an inch in advance of the sphcno-occipital suture are two broken 
processes ^ of an inch apart, which arc directed towards the parietal bones. 
Again in advance is a strong median ridge, extending as far as the anterior 
third of the palatine foramen, which may have supported an interorbital 
septum. 

There is uo ground for doubting that this clement of the Labyririthodoiit 

♦ Comp. Anat. of Vertebrates, vol. i. p. 85. 

t Reptilieii aus der Steinkohlenformation, p. 19. J Trematosaums^ p. 29. 

§ Burmeister, Trematosaums, § 14. || Loc, cit. p. 30. 

1 Reptilien aus der Steinkohlenformation, t. v. fig. 7. 

** The parasphenoid of is described by Von Meyer, ‘Reptilien’ &c., p. 19. 

ft Huxley, “Description of Anthracosaurus RiisselHT Quart. Joiirn. Gcol. Soc. vol. xix. 
p. 56 (1803). , 

It Quart. Journ. Geol. Soc. vol. ix. p. 58 (1853); see also pi. ii. fig. 2. 
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skull is homologous with the parasphenoid of recent Teleostean Pishes, 
Ganoids, and Amphibia*. 

The Pterygoid. — A pterygoid element may be recognized in a hone which 
is found to lie contiguous to the parasphenoid of Archegosaurus in several 
examples f. The two bones are shown but little disturbed in plate v. fig. 7 
of Yon Meyer’s great work. In Trematosaurus the boundaries of the bone 
have not been traced, though its position is not doubtful The pterygoids 
of Mastodonsaurus, Metopias, and others, are known in the same way. 

In Archegosaurus, as probably in all Labyrinthodonts, the Amphibian plan 
of structure prevails in the pterj^goid region. There are two pterygoids ; and 
these are nowhere in contact, but are separated by the parasphenoid. Each 
pterygoid has a broad surface which divides the palatine foramen in front 
from the palato- temporal fossa behind, passing transversely, but somewhat 
obliquely, from the parasphenoid internally to the palatal on the outer side. 
In addition to this transverse plate there is in Archegosaurus, Batrachiderpeton, 
and Loxomma, at least, a long slender process, which is continued forwards 
along the outer margin of the palatine foramen ; its anterior termination is 
unknown. 

The Palatal. — The lower surface of the palatal presents the form of a long 
and narrow slip interposed between the maxilla and the produced anterior 
part of the pterygoid. Its boundaries have not been aceurately traced in any 
Labyrinthodont ; but it appears to reach the vomer in front, and to form part 
of the boundary of the posterior nasal aperture, while behind it may help to 
bound the palato -temporal fossa. The palatal usually bears a series of teeth, 
which increase in size from the ordinary size of maxillary teeth behind to 
large tusks in front §. 

In recent Batrachia the palatal is transverse, dividing the palatine from 
the posterior nasal foramina; but in Gymnophiona it closes the posterior 
nares behind, and then extends backwards along the inner side of the maxilla, 
as in Labyrinthodonts !1. 

The Vomer. — In Labyrinthodonts (as in Crocodilia, Lacertilia, Ophidia, 
and all recent Amphibia, excepting a few Batrachia^), the vomer is 
double. It is usually bounded by the premaxillaries in front, by the 
maxilla, posterior nasal aperture, and end of the palatal externally, and 
along the middle line by its fellow of the opposite side. The posterior 
margin appears to be usually connected with the processus cultriforrnis 
mesially, and with the palatal on the outer side ; while between these 
points it forms part of the anterior boundary of the palatal foramen. The 
vomer in Labyrinthodonts is of great proportionate breadth, forming an 
unusually largg part of the bony palate. 

A row of 'V'omerino teeth of varying number, some of which are of large 
size, is disposed longitudinally along the bone in Trematosaurus, Archego- 

* “ One thing [in the .skull of the Bullfrog, liana pipmis, L.] appears to be quite 
unique, although it will perhaps turn up in some other type and, perchance, in the extinct 
‘ Labyrinthodont.’ This is the presence of an anterior ‘parasphenoid,’ the fore part of the 
‘ rostrum ’ being separately ossified.’’ — W. K. Parker “ On the Structure and Develojoment 
of the Skull of the Common Frog,” Phil. Trans, vol. clxi. pt. i. p. 193 (1871). This an- 
ticipation still waits for fulfilment. ^ 

t Yon Meyer, ‘ Reptilien ’ &c., t. ii. fig. 4, t. v. f. 1, t. vi. f. 7, 8. t Burmeister. 

§ The fragment (of Labyrinthodont) figured by Professor Owen (Trans. Geol. Soc. vol. 
vi. 2 ser. t. xliii. fig. 4) appears to include a portion of the palatal ; and there are traces 
upon it of a row of palatal teeth. 

II Huxley, ‘Anatomy of Vertebral od Animals,’ p. 179; Duges, ‘Eocherchos sur Tost, et 
la myol. des Batraciens/ t. xiv. fig. 93. 

•([ Pipa, Bactylethra, Pelobates. 



m 


REPORT 1873. 


saurm, and Anthracosaurus. In Lahyrinthodon this longitudinal row 
terminates in front with a largo tusk, which is at the same time the 
outermost of a short transverse series^. 

In the remarkable genus Batrachiderpetonf a very different typo of 
palatal structure is presented. Here the vomers form a pair of large, 
somewhat triangular plates, which support the premaxillarics in front, and 
pass to the pterygoids on either side behind. A large central tract of the 
vomerine surface is thickly covered with minute conical teeth, while the outer 
margin of what is apparently the same bone bears a series of ten or more 
stronger compressed teeth J. The structure here described is most nearly 
paralleled bj" the Percnnibranchiatc Amphibia and by certain fishes, the 
Carboniferous Megalichthys among the rest. 

The Premaxillanj . — The premaxillary is usually double in Labyrin- 
thodonts, but single in Trematosaurus\, Its proportions vary greatly 
according to age and species. 

On the superior surface of the skull tho pn^maxillary articulates with the 
nasal and maxillary of the same side, and bounds in part the external nasal 
aperture. On the palatal surface it is supported beliind by the vomer and 
ordinarily by the maxillar}" also. The row of maxillary teeth is continued 
along the premaxillary border, in most cases without interruption or marked 
difference in size. There may be eleven or more premaxillary teeth on each 
side ; the number is not constant beyond the limits of th(^ species. 

Elliptical ca\ities have been observed upon the under surface of the 
premaxillary ; and these have been compared to the dental pits of Alligator 
by Burmeister, who supposes that they received tljc large mandibular teeth ||. 
This view harmonizes well with the structure of 7'rem(it()S<(urus, in which 
there are large tusks internal to the serial mandibular teeth. Archer/o- 
saurus, how^ever, there are no tusks in the mandible, yet tlie cavitii^s in tho 
palatal plate of the praemaxilla arc plainly visible. It is possible that these 
apertures, as well as the similar one in Antliracoscmrus, may have been 
vacuities occupied in the living animal by membrane^. 

The premaxillary of Batrachiderpeton api)ears to differ essentially from 
the bone as it exists in other Labyrinth odonts. It is inoduccd outwards for 
a short distance beyond the end of the series of teeth, and appears to have 
terminated in a free point unconnected with a maxilla, as in Menohranclim, 
Siren^ and Proteus. 

The Maxilla . — The maxilla in Labyrinthodonts takes the form of a long 
narrow slip of bone, comprising nearly all the marginal alveoli of the teeth 

* Owen, ‘ Trans. Geol. Soc.’ vol. vi. part 2. 

t Hancock and Atthey, ‘ Nat, Hist. Trans. Northumberland and During,’ vol. iv. p. 208. 

I This outer slip, reaching to the pterygoid, is possibly a palatal. 

§ Burmeister, foe. cit. p. 8. “ Two premaxillary bones are usually ascribed to the 

Batracbia ; but in many Salamanders they are confluent. Thus, wliile they arc double in 
Salamandra^ they are single in Hemisalamandra^ Triton^ and Blcmijcfylus. In Ambly- 
stomidae they are double. Among Pletbodontidae they vary. Of Pletbodontino genera, 
Batrachoseps and Stereochila have them single and Ththodon double. Of Spolorpine 
forms, ManculuSy CEdipus, and Spcierpes have but one, and Geotriton and Gyrinopnilus 
have two premaxillaries. Besmognathus and Amphluma have single prcmaxillaries.” — 
Prof. E. D. Cope, ‘Extinct Batracbia, Reptilia, and Aves of North America,’ p. 4 
(footnote). 

II Loc. cit. p. 9. See also Prof. Huxley, ‘Anal, of Vert. Animals,’ p. 183. “ In many of 
the Labyrinthodonts, again, two of the anterior mandibular teeth take on the form of long 
tusks, which are received into fossae, or foramina, of the upper jaw, as in most existing 
Croc^ilia.” 

In the description of Anthracosaurus, Prof. Huxley refers to this cavity as tho 
anterior palatine foramen. 
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and but little else. It usually extends on either side from the premaxillary 
to the angle of the mouth, and is in contact with the quadrato -jugal behind. 
In front, and upon the upper surface of the skull, the maxilla may be some- 
what expanded so as to occupy an obtuse angle bounded by the nasal and 
lachrymal. It generally adjoins the external nasal aperture for a greater or 
loss distance ; and its internal facial border is successively contiguous to the 
nasal, lachrymal, and jugal. Upon the inferior or palatal surface it may 
reach forwards to the posterior nasal foramen, or bo excluded therefrom by 
the junction of the palatal and vomer. No palatine jdate of appreciable 
breadth is developed ; and the maxillae of opposite sides are nowhere 
in contact. 

Batmcliiderpeton and Pteroplax have no maxilla) ; and Pariostegus may have 
had imperfect maxillae ending behind in a free point, as in Salamandra &c. 

The maxillary teeth are usually of small size, and form a regular series, 
diminishing slightly towards the angle of the mouth. The number in 
Archegosaunis is upwards of thirty ; and the gaps represent about as many 
more. In Baplietes and Lahgrijithodon there are anterior maxillary tusks, 
while in A^iihracosanrus both the premaxillary and two or more of the 
anterior maxillary teeth are of unusual size and strength, almost equalling 
the vomenne and palatine tusks. 

The Nasah — The nasal bones are double in this order. They bound the 
external nasal apertures behind, and extend backwards to join the 
frontals. In front, where they are contiguous to the maxilla or are inter- 
posed between the maxilla and the premaxillary, they are broadest, while 
they gradually contract backwards in proportion to the increasing breadth of 
the lachrymal. 

Like all the bones of the face, not only in Labyrinthodonts but in 
Yertebrata generally, tlic nasals become longer and longer relatively to the 
brain-case as age advances. This is notably the case with long-snouted 
animals, such as the Crocodilia, and is most apparent in those species of 
Labyrinthodonts which have elongated skulls (e. g. Arcliegosaur^is Decheni), 
The facial bones of Labyrinthodonts, and particularly the nasals, arc as a rule 
unsymmetrical and variable in form. This is another peculiarity of much-pro- 
duced skulls ; it is exemplified by Ichthyosauria and by Crocodilia, especially 
old individuals of Crocodilus intermedins and Bhynchosxwhus Schlegelii. 

The Lachrymal . — When present, the lachrymal lies anterior to the jugal; 
it is bounded by the maxilla on the outer side, and by the nasal and 
prefrontal internally. In Trematosaurus Burmeister represents it as reach- 
ing the orbit : but in reality it is excluded therefrom by the junction of the 
prefrontal and jugal, as in most other Labyrinthodonts. 

The Frontal^ Prefrontal, and Postfrontal . — Three sets of frontal ossifica- 
tions are normally present, viz. a pair of frontals proper, which lie between 
the nasals and the parietals in the median or coronal series, and on each side 
of the head a prefrontal and a postfrontal, which bound respectively the 
anterior and posterior part of the inner margins of the orbits. The prefrontal 
and postfrontal generally unite to exclude the frontal proper from the orbit. 
Externally the prefrontal is, as usual, adjacent to the lachrymal when that 
bone is present. 

The frontals increase more rapidly in length than in breadth as age 
advances ; but the relative change is not so marked as in the case of the 
nasals. It is most apparent in those species which have, when adult, a much- 
produced snout. The frontals are alwaj'-s more or loss unsymmetrical. 

The following diagram, intended to illustrate the general disposition of the 
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bony plates which roof in the cranium of the Labyrinthodonts, is also 
applicable in great part to the lower Vertebrates generally. The Crocodilia 
and the Ganoid fishes agree well with the typical arrangement ; but in 
the latter order other ossifications are intercalated, especially around the 
orbit. In Crocodilia the postorbital and supratemporal are wanting, the 
lateral temporal fossa occupying their place, and the epiotic is not externally 
visible. The postorbiials and supratemporals are not found in any existing 
Amphibian. 

Labyrixthodont Type. 

La PFr 
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The Parietah — In all Labyrinthodonts the parietals are paired bones, 
occupying the normal position between the supraoccipitals and the frontals. 
The most striking peculiarity which they present is perhaps the parietal 
foramen, an oval or circular cavity of small size, lying in the interparietal 
suture. A parietal foramen is known to exist in all the genera in which the 
parietal bones are sufficiently well preserved to determine the point. As the 
parietals lengthen with age, the foramen is placed further and further back 
in the interparietal suture. This is well exemplified by Archegosaurus 
Decheni, a species with a much elongated skull, of which an extensive suite 
of specimens, differing greatly in age, can be compared. It is relatively large 
in Zygosaums, and very small in Mastodonsaurus, 

A parietal foramen is unknown in recent Amphibia^. It is present in 
Ichthyosauria, Plesiosauria, and many Lacertilia. 

In Batrachiderpeton the parietal, occipital, and some other adjacent bones 
are defined by strong raised lines. In this genus the parietals extend 
unusually far forwards. 

The underside of the coronal bones is sometimes smooth {Mastodonsaurus ) ; 
it may present ridges which pass in pairs forwards and backwards from near 
the parietal foramen. The anterior pair run nearly parallel ; but the posterior 
pair generally diverge rapidly. This aspect of the coronal bones as revealed 
in a slab of coal-shale, has often a most deceptive resemblance to the para- 
sphenoid of Ctenodus, The ridges probably indicate the lines of attachment 

♦ The so-called “fronto-parietal fo^tanelle” of many recent Batrachia is not to be 
confounded with the parietal foramen. 
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of vertical plates connecting the roof and floor of the skull. That these 
plates were in the Carboniferous Labyrinthodonts usually cartilaginous, 
is shown by the complete flattening together of the two faces of bone in 
nearly all the examples which have occurred* * * § . 

The JugaL — When present, the jugal intervenes between the maxilla and 
the quadrato-jugal. Its relation to the outer side of the orbit is very 
constant. The jugal is deficient in Fteroplax and Batracldderjpetony and 
probably in Pariostegus, 

The Supratemporcd and Fostorhitah — ^Tho presence of supratemporal and 
postorbitai bones is one of the distinctive features of the Labyrinthodont 
skullf. In the recent Gymnophiona the lateral temporal fossas do not exist ; 
and the Labyrinthodonts are the only Amphibia, recent or fossil, in which 
the fossae are closed by special ossifications. The supratemporal and post- 
orbital are not uniformly present in this order. 

The supratemporal foramen,’’ described by Prof. Huxley as occurring in 
Anthracosaurus, appears to be a small perforation in the supratemporal bone. 
It has no analogy with the supratemporal foramen or fossa of the Crocodilia. 
Jihinosaurusi has a small round foramen at about the same place. 

The /Squamosal. — The relation of the squamosal to the external auditory 
meatus renders it highly probable that the internal ear underlies this bone. 

A squamosal occurs in all the genera of Labyrinthodonts which are accu- 
rately known, except in Fteroplax, 

The Epiotic, — The pair of membrane-bones named ‘‘ epiotic ” by Prof. 
Huxley are adjacent to the aperture of the ear and to the supraoccipital plates. 
They are often pointed behind, like the corresponding ossifications of some 
Teleostcan and Ganoid fishes. Epiotic horns are present in Loxomma, Uro- 
cordylus§, FteroplaXy Batrachiderpeton, and Keraterpeton. In the last- 
mentioned genus they form great “ postero-internal cornua,” constituting 
“ about two sevenths of the extreme length of the skull, and are pointed and 
curved, so as to be slightly convex outwards ; their surfaces are rounded from 
side to side, and longitudinally striated” ||. 

The aperture of the ear is adjacent to the epiotic, and usually indents the 
occipital or posterior border of the skull. 

The Quadrato-jugal. — The quadrato-jugal is to be looked for at the postero- 
external angle of the skull. In front it articulates with the jugal, and may 
touch the maxilla. The degree of backward extension of the quadrato-jugal 
varies greatly, according to the species and, in Arcliegosaurus, according to the 
age of the individual. 

The outer surface is strongly marked with radiating sculpture. Little is 
known of the under surface ; it was j)robably applied to the mandibular sus- 

* Small skulls are sometimes preseryed which are nearly free from distortion ; and 
Mr. George Maw has a large skull of Loxornma which exhibits tlie original convexity of 
the upper surface. 

f It has been stated (Eichwald, ‘Pulletin do la Soci4t^ dcs Naturalistes de Moscou/ 
tom. XXI. 1848) that Z(/goi>aurus has lateral temporal fosste ; but neither tlie description 
(p. 107) nor the plates (2, 3) render it quite clear what tlie structure of this part of the 
skull really is. The original surtaco of tlie bones baa been removed by fracture. It seems 
probable that a broad groove for muscular attachment existed on each side of the parietal 
tract. There is a trace of the same structure in Loxomma. No postorbital aperture, like 
that of the Crocodilia, is shown ; and the temporal region may have been composed of the 
ossifications usual in Labyrinthodonts. 

t Fischer de Waldheim, ‘ Bulletin de la Soci(3t6 des Naturalistes de Moscou,’ tom. xx. 
pt. 1 (1847), p. 304, t. V. 

§ Hancock and Atthey, ‘ Nat. Hist. Trans. Northumberland and Durham,’ vol. iii. p. 310. 

II Huxley, ‘Collection of Fossil Vertebrata from Jarrow Colliery, Kilkenny,’ p. 5 (1867). 
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pensorium in great part, but may have furnished points of origin to some of 
the mandibular muscles. 

The relations of the quadrate and quadrato-jugal have not been determined 
accurately ; but there is little chance of error in supposing that the quadrato- 
jugaj represents a membrane-bone investing the mandibular suspensoriiim, of 
which the quadrate, when present, constitutes the ossified part. In some cases 
at least (^Mastodonsaunis, Archegosaurus^ Trernatosauriis) the quadrato-jugal 
furnishes the outermost part of the articular surface for the mandible. 

The Quadrate , — The quadrate of the Ijabyrinthodonts is as yet very imper- 
fectly known. In Trematosaunis^ which has yielded the best materials for exa- 
mination, it is described by Eiirmeistcr* as general!}" similar to the quadrate 
of the Crocodile, and as contributing the two inner of three rounded depending 
ridges for the articulation of the mandible, the quadrato-jugal supplying the 
outermost. No other important details have been distinctly made out. 

In Micropholis the articular end, of an inch broad, and tlattencd from 
above downwards, exhibits a condyloid surface, which is divided by a groove 
into a stronger internal and a less prominent external portion. In front of 
the condyles the quadratum is very thin, but it rapidly expands so as to cover 
all that remains of the flat lateral face of the suspensorium, and extends 
forward to about midway between the articular condyle for the mandible and 
the posterior margin of the orbit. At this point the bony matter disappears ’’f. 

The suspensorium has a dowmw^ard and backward direction, as in the adult 
Batrachia. It probably remained more or less cartilaginous in many of the 
Carboniferous species, as in most recent Amphibia. 

TJie Mamlihle , — The rami of the mandible are long and straight, of con- 
siderable vertical extent near the condyle, and gradually tapering forwards. 
The upper and low'cr edges are nearly straight ; but in some genera there is a 
low coronoid process, which rises as an elongated triangle from the upper 
border, sloping very gradually in front, but rather more rapidly behind. 

Each ramus is made up of three elements J ; ( 1 ) a dentary bone, wdiich 
receives the teeth, and, in some cases, constitutes the upper half of the ramus 
throughout the greater part of its length ; (2) an angular piece, which forms 
the slightly marked angle of the mandible, and is continued forwards along 
the lower border, both on the inner and outer side, to near the symphysis, 
supporting the dentary bone by a groove upon its upper edge. The angular 
bone is usually ornamented with a strong sculpture, radiating from the angle 
itself. The articular element (3) comprises the condyle and the upper part 
of the posterior end of the ramus. Its structure, as revealed by a fine 
example of the mandible of Anthracosauriis, is thus described by Messrs. 
Hancock and Atthey : — “ The articular piece stands well up ; the neck is 
short and stout ; the process bearing the glenoid surface is massive, and is 
transversely elongated, measuring two inches and a quarter long, and an inch 
wide ; the glenoid cavity is deep, and takes a slight sigmoid curve ; behind 
at the outer margin there has been a stout projecting process ; and in front 
towards the inner margin there has been a similar projection of the lip of the 
articular cavity. It would therefore seem evident that the attachment of the 
mandible to the tympanic trochlea must have been very firm, rendering the 
movements of the jaw secure and precise §. The glenoid cavity of Loxomma 
is described by the same authors as “ transversely elongated, deep, and con- 
siderably elevated’’ II . It has no postarticular process. 

* Trematomurus, pp. 28, 20. t Huxley, ‘Quart. Journ. Oeol. Soc.’ voL xv. p. 050(1859). 

t See p. 226. ^ 

§ Nat. Hist. Trans. Northumberland and Durham, vol. iv. p. 380. {| Ibid. p. 392. 
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The mandible of Mastodonsaurm has a strong inwardly projecting process, 
which supports an extension of the glenoid cavity, and a well- developed post- 
articular process of Crocodilian form and proportions. 

These differences might serve to arrange the Labyrinthodonts into two or 
more groups. In Mastodonsaurus, Anthracosaurus, Trematosaurus, &c. the 
postarticular process is strong, and projects far backwards. In Archegosaurus 
the process is short and comparatively weak ; it is wanting in Loxomma, 

Mere size will not ex])laiii these variations of structure. There is no ex- 
traordinary differcnco of size of cranium among the genera mentioned ; and 
Loxomma, wliich alone wants the postarticular process, is neither the largest 
nor the smallest, lint the structural differences are not improbably due to 
peculiarities of mode of life. The genera which have the ramus of tho 
mandible produced beyond the glenoid cavity have strong conical teeth, very 
unequal in size, the largest being set at definite intervals. Loxomma, on tho 
contrary, has flattened teeth with two cutting-edges ; and the inequality of 
size which they present is apparently due to irregular replacement. The first 
group may have had the habits of many Crocodiles, feeding chiefly on dead 
bodies or terrestrial animals, and consequently requiring strength in masti- 
cation rather than special rapidity in opening and closing the jaws. Loxomma, 
on the contrary, may have been a sort of Gavial among the Labyrinthodonts, 
a fish-eater, whose supply of food depended upon dexterity in snapping up 
small, quick-moving objects, gaining therefore by a structure of jaw which 
gives velocity at the expense of force. 

The dentary bone supports a row of teeth — and in Lahyrintliodon a short 
inner scries also, consisting of one, two, or three largo tusks which are confined 
to tho symphysial end. This is also apparently the case with Trematosaurus, 
and may be true of other examples, in which the mandible is distorted by 
lateral compression so as to show tusks apparently in series with smaller 
tooth. Dendrerpeion aendianum is represented as having in tho lower jaw 
“ a uniform series of conical teeth, not perceptibly enlarged toward the front, 
and an inner series of larger and plicated teeth, as in the upper jaw *. 

A large oval aperture has been observed upon the inner side of the lower 
jaw, a little posterior to the middle of the ramus. It is bounded by the 
articular bone above, and by the angular bone below. Such an internal 
mandibular foramen exists in Mastodonsaurus, Tremafosaurus, Pachygonia, 
Ooniogh/ptus, and in undcscribed specimens from the Keuper of Warwick. 
No trace of an external mandibular foramen has been discovered. In Croco- 
dilia both are present. 

The mandibular symphysis was incomplete, and the rami were united by 
ligament or fibro-cartilago, if we may judge from their constant separation in 
a fossil state. In Pteroplax the opposed symphysial ends arc expanded by an 
inwardly directed process from the inferior border of each ramus f. 

A mucous canal has been observed to run along the lower margin of the 
outer surface of the rami in Pteroplax, Loxomma, and others. A descending 
canal is strongly marked upon the external surface of the articular and angular 
bones of some Triassic specimens. The sculpture, commonly present’ upon tho 
angular bone, may cover the entire subcutaneous surface, as in Loxomma, 

The outer surface of tho posterior end of the mandible is overlapped by the 
quadrato-jugal, and in some cases by the maxilla also. In llhinosaurus the 
quadrato-jugal descends for a considerable distance over the mandible, as far 
as the upper border of the angular bone. 

* Dawson, ‘ Acadian Geology/ 2nd od. p. 365. 

t Hancock and Atthey, ‘ Nat. Hist. Trans. Northumberland and Durham,’ vol. iii. p. 70. 
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Sclerotic Orbital Ring, — In Arcliegosaurus Decheni* and A, latirostris^y a 
series of ossicles, which undoubtedly constituted a bony sclerotic ring, has 
been found. As many as twenty4hree ossicles have been observed in one 
specimen ; but, owing to their scattered position and the perishable nature of 
the contiguous parts, no example shows the series in its true position. The 
annuIRr arrangement is distinctly visible in one specimen. The individual 
ossicles are of nearly quadrilateral form J. 

Teeth . — Tt appears from the observations of Yon Meyer that the tooth of a 
Labyrinthodont {Archegosaurus) consists at first of a minute hollow cone of 
enamel armed with two vertical diametrically opposite ridges. This, the true 
crown of the tooth, retains its original structure and size until it disappears 
by abrasion or fracture §. It does not, however, remain in its original 
position, sessile upon the alveolar surface, but is gradually elevated upon a 
conical base. This base, which is often the only part of the tooth preserved, 
has the general form of a hollow cone of dentine, coated thinly with enamel, 
and enclosing a pulp-cavity. The dentinal wall in a well-characterized 
Labyrinthodont becomes folded longitudinally ; and some or nearly all of the 
folds may be again plaited. In a much convoluted tooth the folds are very 
compact, and leave only linear spaces between them. In this way the thick- 
ness of the dentinal wall is greatly increased, and the central cavity much 
encroached upon. 

In Lahyrinthodon^ Prof. Owen describes a layer of cement as penetrating 
such of the interspaces between the dentinal folds as communicate with the 
exterior ||. This structure is certainly wanting in the Carboniferous Laby- 
rinthodonts, where neither enamel nor cement is present between the folds of 
dentine, A cross section of such a tooth as has been described exhibits a set 
of sinuous and, it may be, branched interspaces communicating with the ex- 
terior, and corresponding series (separated from the other by the dentinal 
wall) of sinuous processes of the pulp-cavity. 

In some of the Carboniferous species there are no secondary dentinal folds ; 
and it would appear from the descriptions that in some of the ‘‘ Microsauria 
of Dr. Dawson the dentine is not folded at all. Externally the tooth is 
grooved, and sometimes ridged also. It is frequently compressed in the 
direction of the axis of the jaw, so as to present an oval or elliptical section. 
Vertical edges (anterior and posterior) extending downwards upon the basal 
portion are found in Loxomma. In Pterojjlax they are confined to the apex, 
but are larger than usual. As a rule they are minute and not persistent. 

The teeth were attached to shallow depressions, which take the form of the 
base and are often marked by radiating ridges corresponding with the den- 
tinal folds. The mandibular alveolus is generally bordered by an external 
ridge, which may be as much as a quarter of an inch high. 

There is always a premaxillary series, and, except where the maxilla is 
wanting, a maxillary series also. The maxillary teeth may form an unin- 
terrupted row ; or large tusks and depressions may occur at intervals. The 
vomer and palatal are always dentigerous, giving attachment to an inner 
longitudinal series, parallel with the outer or maxillary series. In Batra^ 

* GJ^oldfuss, Beitrage, p. 7, t. 3. figs. 1, 2 ; Von Meyer, ‘Reptilien’ &c., p. 21, t. vi. 

t Ibid, p. 125. 

I A sclerotic ring is present in Lacertilia, Chelonia, Ichthyosauria, Pterosauria, and 
Birds, absent in all existing Fishes and Amphibia, Plesiosauria, Crocodilia, and Ophidia. 

§ In Loxomma the crown of the tooth is of great size, and extends far down upon the base. 

II Trans. Gteol. Soc. vol. vi. 2nd series, p. 507, and ‘Odontography,’ pp. 201, 203. 

There is no mention of inflection of the enamel, which, it is stated, “ ceases at the base of 
the crown.” ^ 
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ckiderpeton the vomerine plates are armed with clustered teeth, resembling 
the aggregated teeth of Siren and Siredon, The mandible bears a row of 
teeth, which may be continuous, or interrupted by large tusks and depressions. 
A pair of tusks is frequently found near the anterior end of the rami. In 
Lahyrinthodon, Tremaiomurm^ and some other genera a short inner series 
of large teeth is found near the symphysial end of the mandible. Among 
recent Amphibia a double row of mandibular teeth occurs in Epicrium and 
Siredon ; it is present in many fishes. 

Most commonly a number of teeth are represented only by gaps, or scars 
upon the alveolar border ; the vacant places frequently alternate with the 
standing teeth, rendering it probable that about half the teeth were normally 
efficient at the same time, and that they were replaced alternately. The 
substitution of the palatal teeth was less regular : new teeth appear to have 
been usually developed upon vacant spaces; but in some instances the 
successioiial tooth appears in front, behind, or to the inner side of its 
predecessor. 

Vertebral Column. — The following general features of the vertebral column 
of Labyrinthodonts may be noted : — ■ 

а. The number of vertebrae is large. 

б. There are at least two kinds of vertebrae — thoracic and caudal. 

c. The centra are biconcave. 

d. A superior arch and spine are present in all the vertebrae which are ac- 
curately known. 

e. Inferior arches are present in the caudal region. 

/. Where zygapophyses are present, the anterior look more or less inwards 
and generally upwards also. 

g. The spinal foramen is much contracted. 

The chief variations which occur in the corresponding vertebra) of different 
species are these : — 

The centra vary greatly with respect to their degree of ossification. In 
Archegosaurus, for example, the notochord is persistent, and the only osseous 
parts of the vertebra) are the superior arches, superior spinous processes, 
transverse processes (proceeding from the laminse of the superior arches), 
inferior arches, inferior spinous processes, and lateral wedge-bones (‘^seitliche 
Keile’’ of Yon Meyer = interncural and interhmmal pieces’’?). It has 
been suggested by Professor Huxley * that the inferior arches and lateral 
wedge-bones may represent osseous rings, like those which remain of the 
centra of Megalichtliys, and that “ they have broken up into the separate 
pieces described by Von Meyer in the process of fossilization.” In Mastodon- 
sauria, on the contrary, and most of the undoubted Carboniferous Labyrin- 
thodonts, the centra are well ossified. In Loxomma and Anihracosaurus a 
small notochordal foramen is apparently persistent. A neuro-central suture 
appears to have been permanently present in some, if not in all. 

The centra of the Carboniferous species are usually discoidal, the antero- 
posterior length being small ; but the vertebrm of Ophiderpeton and Lepter-- 
peton, as well as those of Lahyrinthodon'f and some of the Microsauria of 
Dawson have hourglass- shaped centra of considerable longitudinal extent. 

There are usually two articular facets for the ribs, both situate on the 
neural transverse process. In Mastodonsaurus, however, the lower facet is 
continuous with the centrum t ; and an example of the vertebral column of 

♦ Quart. Journ. Geol. Soc. vol. xix. p. 67 (note) (1863). 

t L. Icptognathus (Owen, ‘Trans. Geol. Soc.’ vol. vi. t. xlv. figs. 5-8). 

X Palaontologie Wiirteinbergs, t. iv. fig. 8, and p. 58 (1844). 
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a Labyrintliodoiit from the Northumberland coal 'field, which Mr, T. P. Barkas 
has permitted us to study, seems to exhibit the same feature*. 

The superior and inferior spinous processes differ greatly as to length 
and form. In Arcliegosaurm and many others the spinous processes, both 
superior and inferior, are broad and quadrilateral. In Urocordylus and 
(EstocepJialusf the superior and inferior spinous processes of the long tail are 
elongate and fan-shaped, being dilated, compressed, and truncated at tho 
distal ends, so as to suggest great swimming-power. 

The inferior arches are rarely seen to advantage ; but in Arcliegosaurus they 
are large and complete, forming a spacious canal for the caudal vessels f;. 

By study of young specimens of Archego^uHrus it has been ascertained that 
the superior vertebral arches ossify before the inferior, and the anterior ver- 
tebrm before the posterior. Yon Meyer thinks it probable that the superior 
arches were ossified to a considerable extent before the close of embryonic 
life§. 

The atlas of Mastodonsaurus has been figured and described |l. It is a 
flattish disk, presenting two oval cavities to tho occipital condyles, and nearly 
smooth behind. Above, the laminae enclose tho chief i)art of tho spinal 
foramen, ascending to form a spinous process of considerable but unknown 
height. A cavity for the odontoid occupies nearly the centre of the bone, 
between the articular facets, and communicates with the spinal foramen by a 
constricted passage. 

Ribs, — No Labyrinthodont is known to have been devoid of well-developed 
ribs. They are generally attached to all the vertebra) in advance of the 
pelvis, and in some cases, at least, are present in the anterior part of tho 
caudal region also. 

As to form, they are usually compressed (transversely to the axis of the 
trunk) at either end, but are nearly cylindrical in the centre of the shaft. 
They are short, relatively to the probable dimensions of the thorax, and 
strongly curved. A capitulura and tuberculum arc present in all well- 
preserved examples. Both articular surl'aces are slightly concave and 
adjacent, and in most of the Labyrinthodonts both appear to have articulated 
with the vertebral transverse ])rocess ; a notch or groove commonly separates 
them, and is usually continued for some distance along the shaft of the rib. 

Sternal or abdominal ribs are not known to occur in this order. 

It appears from the extensive suite of specimens described by Von Meyer 
that the ribs of Arcliegosaurus were developed and partially ossified at a very 
early period, perhaps before the close of embryonic life. Some very young 

* This fossil is named Macrosaurus polyspondylus by Mr. Barkas ; but its generic 
or specific distinctness cannot as yet be affirmed. 

t It is impossible not to suspect tho identity of ther.e genera. Prof. Cope remarks 
(Trans. American Phil. Soc. vol. xiv. N. S. p. 10): — “It \(E^focephaliis\ differs [from 
Urocordylm^ only in the presence of elongate lizard-like ribs, and in the absence of 
* oat-shaped scales ' of the lower surfaces.” But Urocordylus has slender ribs, of more 
than usual length. Were the absence of oat-sbapod scutes from the ventral surface of the 
American examples of (Estocepl tains established, little could bo proved thereby. In the 
Northumberland coal-field Labyrinthodonts abound, yet tho scutes appear not to have 
been hitherto discovered. On the following page of his ‘ Synopsis,’ however, Prof. Cope 
says of (Estocephalus : — “The skin has been occupied by a great number of closely packed, 
curved, spine-shaped scales. They have occupied tho ventral integument, passing from 
the median line of the belly outwards and posteriorly, having acute tips, which may or 
may not have penetrated the skin on each side.” This structure cannot differ essentially 
from the chevron pattern of oat-shaped scutes found in Urocordylus, 

J Von Meyer, ‘Beptilien’ &c., p. 107, t. xii. fig. 7. § l^ptilien &c., p. 29. 

II Palanntologie Wurtembergs, t. v. iBgs. 4, 5, and p. G7. If Reptilien &c., p. 33. 
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examples afford evidence of cartilaginous vertebral extremities, tbis evidence 
consisting of the separation of the proximal ends of the ribs from the vertebral 
column by a regular interval, and the hoUowiiig-out of the ends as if for 
junction with cartilage At this stage a transverse process may bo seen to 
project for a short distance from the lamina of the corresponding superior 
arch. The junction is not completed by a true bony articulation until the 
animal is nearly adult. 

Shoulder-girdle , — The shoulder-girdle of the Labyrinthodonts includes 
three thoracic plates (which represent the clavicles and interclavicles), one or 
more scapular bones, and a coracoid. In form and arrangement these parts 
differ much from the pectoral arch of any recent Amphibian, but correspond 
generally with the structure which prevails in some lleptilia, such as the 
Lacertilia (e. g. Trachydosnurus^ Monitor^ Iguana) and the Ichthyosauria. 
The resemblance between the shoulder-girdle of the Labyrinthodonts and 
that of the Ichthyosauria is close and striking. 

The thoracic plates are eminently characteristic of the true Labyrintho- 
donts. They arc three in number, a median and two lateral. The median 
plate is elongated, and more or less rhomboidal ; it is placed longitudinally. 
On each side it is overlapped by the lateral plates to a considerable degree, 
especially upon the antcro-external borders ; and frequently only the hinder 
end is exposed. The free part ordinarily exhibits sculpturing. The lateral 
plates have been compared as to form to the elytra of beetles. They aro 
often, but not always, triangular in form — the base, Tvhich is directed inwards, 
being rounded, and the remaining sides set at an angle of 90 degrees or more. 
A sculptured pattern is sometimes seen to radiate from the angle ; and this is 
the thickest and strongest portion of the plate. 

The thoracic plates extend nearly from side to side, and may protect a 
third, or even more, of the ventral surface of the trunk. They vary greatly 
as to form and relative size. 

The median plate represents the intercla^^Lclc, and the lateral plates the 
clavicles. All are dermal bones, forming no part of the true axial and ap- 
pendicular endo-skcleton. 

Behind these (that is, nearer to the pelvic arch) and in a deeper plane aro 
the remains of the scapula and coracoid. These aro most completely pre- 
served in Archegosaurus, and much resemble the corresponding parts in the 
recent Siren. 

The coracoid is vcntrally situate, semilunar in form, having a coiicavo 
thickened posterior margin, a thickened postero-external angle, and a regu- 
larl}’ rounded anterior edge. There is no reason to suppose that this docs 
not retain, approximately, its natural position. On the outer side of the 
coracoid there lies in an oblique position a long, narrow, flattish slip of bone; 
its posterior end, which is expanded and a little twisted, is adjacent to the 
postero-external angle of the coracoid ; while the other or anterior end is 
produced at great length forwards and inwards, generally passing beneath the 
thoracic shield. Another bone, which may, however, be a detached part of 
the same, is seen in several examples of Archegosaiirus, It lies somewhat in- 
ternal to the last described bone, immediately behind the edge of the thoracic 
plates, and has a slightly expanded end t. There can be little doubt that wo 
have here a scapula, and probably a suprascapular bone also. The glenoid 
cavity was probably cartilaginous in Archegosaurus, and is not shown in the 

^ Beptilion &c., t. iv. fig. 5, and t. vi. fig. 10. ... 

t This end is directed backwards {i, e. towards the pelvis). Tho other extremity is nop 
shown. 
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fossil specimens. It seems to have been at the postero -external angle of the 
coracoid. 

Yon Meyer and Bnrmeister have described the bone hero named coracoid 
as the scapula, and the scapula (or suprascapula) as the coracoid. 

The coracoid of Trematosaiirus is known ; it closely resembles that of 
Archegosaurus, A detached scapula of PJioliderpeton has also occurred. I^^o 
scapula or coracoid has been found in the other genera. The thoracic plates 
of Mastodonsaurus, Trenuitoscnirus, Archegosaurus ^ Looromma, PJiolidogasier, 
Pteroplax {"1), Keraterpeion, and Urocorchjlus {^.) are known; but none have 
hitherto been discovered in any of the species which constitute the ‘‘ Micro- 
sauria of Dr. Dawson. 

Pelvic Oirdle, — Archegosaurus still remains the only source of exact 
knowledge respecting the pelvis of the Labyrinthodonts. The ischia are 
elongate, flattened bones, which meet along the middle line. Their an ter o- 
external angles are overlapped by the expanded ends of the hatched-shaped 
ilia, while the straight shafts of these latter bones arc continued backwards, 
outwards, and upwards. Similar, but larger, hatchet-shaped ilia occur in the 
[Newcastle coal-field. They may belong to Loavmma or Aniliracosaurus, 
The connexion of the ilium with the vertebral column appears to have been 
very slight ; and there is no indication of specially modified sacral vertebroe. 
The pubis is straight, and has much of the form of the femur or humerus, 
being narrowed at the middle and broad at each end. The situation and 
composition of the acetabulum is unknown. 

It would be highly interesting to know that the ilium described and 
figured by Professor Owen* was actually the ilium of Lahyrhithodon pa-- 
chygnaihus, or of any other Labyrinthodont ; but the evidence derived from 
the place of discovery is not cogent, and the bone is remarkably reptilian in 
character. 

Bones of the Linibs. — In the Carboniferous Labyrinthodonts the bony 
elements of the limbs of vertebrates higher than fishes appear in their most 
generalized form. The manus and pcs are pcntadactyle, and there is but 
little differentiation of the digits. Each of the long bones has expanded ends, 
and is contracted towards the middle of the shaft. In the Carboniferous 
species the articulations seem to have been very lax. There arc no articular 
processes, condyles, cups or trochleoc ; and the bones appear to have been 
connected in the simplest way, by ligaments and integument. The long 
bones of Hylonomus and some other “ Microsauria are tubular, and consist 
of a uniform osseous crust, enclosing a central cavity, which in the living 
animal was probably occupied by cartilage f. In several other Labyrintho- 
donts, however, of Carboniferous ago, true cancellous tissue is present in the 
long bones. 

If the limb-bones attributed to Mastodonsaurus have been so determined 
correctly, it would appear that in the Triassic Labyrinthodonts the long 
bones and phalanges were, as in the Carboniferous species, dilated at the 
ends and contracted in the centre. There is no indication of bony epi- 
physes ; and the muscular impressions are few and simple J. 

In all the species whose limbs arc accurately known from their occur- 
rence together in the same matrix and in something like the natural position, 
the corresponding parts of the fore and hind limbs {e, g. the femur and hu- 

^ Trans. Ceol. Soc., 2nd series, vol. vi. p. 533, t. xlv. figs. 16, 17. 

t A humerus of Bendrerpeton shows cancellous tissue towards the extremities (Dawson, 
* Acadian Geology,^ 2nd ed. p. 365), 

% Palaontologie Wiirtembergs, t, iii. figs. 4-8. 
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mcrus) are very similar in form and present no imcommon difference of size* ** 
The hinder limb is larger and stronger than the other, as is nsnal with qua- 
druped vertebrates. On the whole the structure and proportions of the ex- 
tremities of Labyrinthodonts are similar to those of urodelo Amphibia, and 
indicate low-bodied aquatic animals. 

It is well known that the examination of the bones found in the Keuper 
of Leamington and Warwick, together with a comparison of the footprints 
named Cheirotlierlum, led Professor Owen to the belief that Lahyrinthodon 
exhibited a striking dis 2 :)roportion between the fore and hind limbs. This 
view accords well with the opinion that the Labyi’inthodonts were anurous 
Patrachia. But such a disproportion implies more than a near affinity with 
the Batrachia : it is in this class (x\mphibia) a mechanical provision for 
activity in leaping ; and the inference from Professor Owen’s hypothesis 
would be that the Triassic Labyrinthodonts at least had in some measure the 
habits of the frog. The su])position will not stand a moment’s consideration. 
That a Lahyrinthodon, with its greatly expanded and prolonged head could 
have leaped a yard withoiii a severe shock is improh J)le. But if we suppose 
that it possessed the thoracic jdates and the loosely articulated shoulder- 
girdle of other Triassic Labyrinthodonts, and if, with Professor Owen, we 
interpret the structure of its extremities according to the Cheirotherian foot- 
prints, the ditficulty is greatly increased. The Lcthyrinfhodon would be a 
leaping animal of gigantic size, weighted with protective scutes, having little- 
expanded toes, and not provided, to our knowledge, with a single one of 
those special provisions which enable large animals to leap great distances 
with safety. 

No one will explain the assumed disproportion of fore and hind limbs as 
indicative of peculiar browsing or climbing propensities, such as those attri- 
buted to Iguanodon or Iladrosaunis. The aquatic and predatory character 
of the Labyrinthodonts is well established. 

Since the hypothesis under discussion involves such difficulties, it will be 
desirable to reexamine the ground upon which it rests. 

Professor Owen s position is this : — Anisojms scutidatiis, a presumed 
Labyrinthodont, has a hind limb at least twice as large as the fore limb. 

An ilium and head of femur, • presumed to belong to Lahyrinthodon 
2 ^achygnathiis, are greatly larger in proportion than a humerus referred to 
the same species. 

In some Cheirotherian (presumed Labyrinthodont) footprints tho tracks of 
one foot are much larger than those of the other. 

The species of Lahyrinthodon differ considerably in size, as also do the 
footprints of CJieirotherium, 

It is hardly necessary to discuss the distinctness of the species of Lahyrin^ 
ihodon or of Cheirotherivm, The whole weight of the argument rests upon, 
the suppositions that (1) the bones named Aniso^^ns scutidatns, (2) the ilkim 
and femur found at Warwick, (3) the humerus found separately at the sapi© 
place, (4) tho footprints named Cheirotherium, belong to Labyrinthodonts — 
and, further, that tho ilium and humerus found at different times in tho same 
quarry belong to the same individual, or to individuals of the same species 
and age. 

This chain of suppositions has not been strengthened by the further evi- 

* There is no conclusive evidence that Anisopiis is labyrinthodont. The rhomboidal 
sculptured scute attached to the slab containing this specimen might seem confirmatory of 
Prof. Owen’s determination j but, besides the Crocodilia, tho Scclidosauridos had dermal 
armour, 

R 2 
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dence brought to light since the date of Professor Owen’s moinoir. We still 
know very little about the limbs of Triassic Labyrinthodonts. What is kuown 
of the limbs of the Carboniferous species docs not at all agree with the deter- 
minations in question. But it is now placed beyond dispute that in Triassic 
rocks, and in this very Keuper quarry at Warwick, the remains of Dinosauria 
occur. The ilium assigned to Lahyrintliodon pacliygnatlms * agrees with the 
ilium of Deinosauria in the remarkable projection of the bone in front of the 
acetabulum, and in the character of the acetabulum itself. It wants, it is 
true, the pre- and postacctabular processes of a well-characterized Dino- 
saurian ilium ; but in^no particular docs this bone agree with the ilium of 
any known Labyrinthodont. There is nothing in the structure of any one of 
the limb-bones or vertebrae attributed to L. pachygnathm which does not 
accord at least as well with the Dinosauria as with the Labyrinthodontsf. 
Nor is there a single distinctive Labyrinthodont feature about Oheirotherium, 
Some of the footprints included in this heterogeneous group may have been 
Labyrinthodont ; but others are, not improbably, DinosauriaiiJ. Shortness 
or deficiency of the outer digits §, and inequality of fore and hind limb, are 
characteristic of this reptilian order |I. 

It may be said, summarily, that the Labyrinthodonts of the Coal-measures 
had the limbs of aquatic animals similar to the urodele Amphibia, and that 
the limbs of the Triassic species are practically unknown. 

No limbs have been discovered belonging to specimens of Opliiderpeton^ 
although several examples belonging to this genus have occurred in the coal- 
fields of Kilkenny and Northumberland. 

Hyoid. — We have no certain knowledge of the hyoid of any Labyrinthodont. 
A fragment of a styloid bone which sometimes appears between the para- 
sphenoid and the median thoracic plate of Arche gosaurus, associated with one 
or two pairs of lateral appendages, may belong here. 

Branchial Arches. — Goldfuss ^ first observed that some young examples of 
Archegosaurus exhibit distinct traces of branchial arches ; and this determi- 
nation is confirmed by Von Meyer. The evidence consists of minute ossicles 
lying scattered in the region of the throat, between the thoracic plates and 
the skull. Some of the ossicles exhibit a pectinate edge. They are variously 
discoidal, semilunar, or quadrangular in outline, but always flattened. Yon 
Meyer believes that the branchial arches were attached to the hyoid, and 
were disposed in two or more curved rows. Traces of branchial arches have 
only been detected in young specimens ; and they do not increase in size with 

* The remarkable ilium ascribed to Lahyrinthodon ])acliyynafhus is also a reptilian 
bone, intermediate in its characters between the ilium of a Teleosaurian and that of a 
Lizard.” — Huxley, ‘Q-eol. Journ.’ vol. xxvi. p. 47 (1870). 

f The fragmentary vertebra ascribed by Prof. Owen to L. pachi/gnathits is believed by 
Prof. Huxley to be Dinosaurian (Quart, rfourn. Oeol. Soc. 1870, voi. xxvi. p. 47). 

f The Cheirotherian footprint figvired and described by Prof. W. C. Williamson (Quart. 
Journ. Oeol. Soc. vol. xxiii, p. 5G) exhibits numerous impressions of scales. This is a 
reptilian feature, though not conclusive against the Labyrintliodont supposition. 

§ Iguarwdon has left largo three-toed impressions in the Wealden. Scelidosaums had 
four toes and a rudimentary fifth. 

|j Prom the great difference in size between the fore and hind limbs, Maiitell, and more 
recently Leidy, have concluded that the Dinosauria (at least Iguanodon and Hadrosaurns) 
may have supported themselves for a longer or shorter period upon their hind legs. But 
the discovery made in the Weald by Mr. Becklos, of traces of large three- toed footprints, of 
such a size and at such a distance apart that it is difficult to believe that they can have 
been made by any thing but an Iguanodon, load to the supposition that this vast reptile, 
and perhaps others of its family, must have walked temporarily or permanently upon its 
hind legs.”— Huxley, ‘Quart, Jp^rn, Qeol. jSoc/ vol, xxvi. p. 18 (1870). 

% Beitrage, p, 8. 
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age. It is therefore highly probable that the branchial respiration of Arche^ 
gosaurus was not persistent, but was restricted to the larval state. 

It is somewhat remarkable that while Yon Meyer interprets these remains 
as traces of a branchial apparatus, ho nevertheless refuses to recognize the 
zoological significance of such a structure. His comment is, that the hyoid 
itself is a relic of branchial apparatus, yet its presence in the higher verte- 
brates is not allowed to interfere with their systematic arrangement The 
serial homology of the hyoid and branchial arches, upon which Von Meyer 
perhaps relics, would prove too much for his purpose. The study of deve- 
lopment shows that ‘‘ the branchial arches have the same morphological value 
as the hyoid, and the latter as tlic mandibular arc;”t further, that the tra- 
becula) cranii Schadelbalken ’’ of E-athke) arc serially homologous with the 
visceral arches. If the argument rests, not upon homology, but upon function, 
it is clear that the common association of branchiostegal rays with the hyoid 
arch in branchiate vertebrates would not justify us in describing a part whose 
function in the higher classes is so various as a remnant of branchial appa- 
ratus. It would be as reasonable to speak of the humerus as a relic of a 
swimming- organ . 

Until an example is cited of osseous branchial arches in an abranchiate 
vertebrate, we may regard the presence of such a structure in the young 
Archegosaurus as a remarkable Amphibian character. 

Dermal Armour. — In nearly all the known species of Carboniferous Laby- 
rinthodonts a ventral armour has been found. The armour consists of very 
numerous, elongated, osseous scutes, and is generally, perhaps always, confined 
to the inferior surface of the body between the fore and hind limbs. The 
scutes are usually dis])osed in oblique rows, which meet at an angle along 
the middle line and make a chevron pattern. Such an arrangement occurs 
for e’xamglo in Fholklogastcr'^., TJroconhflus^, and Iclitliyerj)eton\\. In Ar- 
chegosaurus the pattern is reversed in the hinder part of the trunk, so that 
the rows of scutes in the front part- are approximately at right angles to those 
placed further back on the same side. 

Lepidotosaurus, if a true Labyrinth odont, presents striking deviations from 
the rest in the character of its dermal armour. But there arc many difficul- 
ties in the way of obtaining an adequate knowdedge of this remarkable form. 
The state of the single specimen hitherto discovered does not permit more 
than a superficial examination. Messrs. Hancock and Howse have done all 
that care and skill can do towards elucidating its structure ; and we cannot 
but accept, provisionally, their decision that it must be placed among the 
Labyrinthodonts. Nevertheless the difficulties are considerable, especially 
with respect to the scales or scutes. The oblique and uniform direction of the 
very numerous and prolonged rows of scales is an argument against Prof. 
Huxley’s view that they represent a ventral armour shifted (after death and 
some amount of decay) to one side. Upon that supposition wo should expect 
to find the rows of scales either transverse (an arrangement not yet discovered 
in any Labyrinthodont) or converging from opposite sides to a straight line 

“ Genau genommen liesse sich selbst das Zungenbein als Ueberrest einer fruheren 
Athmungsvorrichtung betrachten, iitid doch wirkt dessen Gegenwart nicht storend bei der 
Classification dcr holieren Tbiere.” — Eeptilicn aus der Steinkoldenforniation, p. 86, 
t Huxley, Croonian Lecture, ‘ Proc. Roy. Soc.’ vol. ix. p. 438. 

J Huxley, ‘ Quart, Journ, Gcol. Soc.’ vol. xviii. 

§ From undescribed specimens in the British Museum from Kilkenny. 

11 Huxley, ‘ On a Collection of Fossil Vortebrata * &c., p. 18. 

% Nat. Hist. Trans. Northumberland and Durham, vol. iv. p. 219 ; and Quart. Joum, 
Geol. Soc. vol, xxvi. p. 550 (1870). 
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(as ia ArcTiegosaumSf Urocordylus, tfec.). Moreover the scales are quite 
unlike those of any well-established Labyrinthodont genus, and both in dis- 
position and extent they are anomalous. The ribs and the (presumed) long 
neck are also difficult to reconcile with the Labyrinthodont character of this 
interesting fossil. 

As to form and size the scutes of the Labyrinthodonts vary much. They 
may bo oval, rhomboidal, lancet-shaped, or oat-shaped. They may be as much 
as two inches long, or so minute as to bo barely visible. When thick and 
large, they exhibit a cancellous bony structure in cross section ; in many cases 
they are coated with an enamel-like layer ; and when the scute is very thin, 
this layer seems to compose its entire substance. 

Such an armour cannot be exactly paralleled by any thing known among 
recent Amphibia or Reptilia. The Crocodilia have bony scutes, which in 
Caiman and Jacare lie along the belly ; but neither these, nor the bony scales 
of certain lizards {Opliisaurus, Fseudopus, Cjidodiis), are restricted to the 
ventral surface. The dermal ossifications of Chelonia are dorsal as well as 
ventral. In a few recent Batrachia {Ceraiopihrps cornuta, C, ornata^ Bvaduf- 
ceplialus there is a partial dorsal shield. In the cutis of some 

Oymnophiona there are minute flexible scales t* 

Granular, shagreen -like scales have been found to cover other parts of the 
body of a few Labyrinthodonts. Dr. Dawson has figured and described a 
remarkable covering of horny scales as forming dorsal and lateral appendages 
to Hylonornus LyelUX; but there does not appear to be conclusive evidence as 
to their disposition. 

Nature of Food and Mode of Life , — The character of the teeth and the 
structure of the skull, so similar as a prehensile and masticatory organ to the 
skulls of Crocodilia, indicate plainly that the Labyrinthodonts were predacious 
animals. Patches of Acanthodiau scales found on the inner side of the ven- 
tral armour have led Burmeister to suppose that Archegosaurus at least was 
a fish-eater§. ^'on Meyer quotes instances of the occurrence of fragments 
of Archegosaurian plates in coprolitcs assigned to the same species. Dr. 
Dawson has found near the bones of IJylonomus portions of coprolite contain- 
ing remains of insects and myriapods l| ; while numerous bones of the same 
Lab yriiithodoTit genus occur in coprolitic masses attributed to Dendrerjyeton^ , 

The Amphibian affinities of Labyrinthodonts and the presence of a branchial 
apparatus in the larva render it plain that these animals were wholly aquatic 
in their earliest stages. The proportions of the skull, and the weak limbs of 
all the known Carboniferous species, at least, furnish reasons for believing 
that throughout life they frequented water, and sought their food in it. The 
analogy of all other Amphibia would lead us to suppose that the Labyrintho- 
donts were fluviatile, not marine. The character of the deposits in which 
their remains are usually found confirms this view. 

There is ground for believing that the largest Labyrinthodonts attained a 
length of seven or oiglit feet, though accurate data are wanting. Some of 
the smaller examples, though adult and perfect, do not exceed as many inches 
in length. 

Zoological Affinity , — In the present state of paleontological knowledge it 

* Formed in this case by ilio dilated processes of six dorsal vertobrso. 

I Qfiicse are wanting in Cepcilla anmdata. 

i Acadian Geology, 2n'i ed. pp. 372, 375, fig. 144 ; and restoration, p. 352. 

^ ArchcgMnrus, p. GO, t. iii. figs. 3, 4. Yon Moyer regards this as doubtful (Beptilien 

II Acadian Geology, 2nd ed., p. 370. f Ibid. p. 379. 
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would not b& easy to frame an unexceptionable statement as to the zoological 
position of the Labyrinthodonts. Were they now alive, they would doubtless 
be considered Amphibia. The double occipital condyle, the parasphenoid 
ossification, and the presence of a branchial apparatus in the young or larval 
state would overpower such considerations as the Crocodilian scutes or the 
Crocodilian character of the exposed parts of the cranium. Eut in dealing 
with a long extinct group we are not altogether justified in trusting simply 
to those characters which suffice to define the classes and orders of existing 
animals. On any theory of descent with modification there would thus be 
danger of coordinating an extinct group with its own modified or differentiated 
descendants. Even if all such theories be discarded, it remains to bo shown 
that we can legitimately impose a division into Classes and Orders based on 
the study of recent Yertehrates upon generic forms of Carboniferous or 
Triassic ago. 

Pala3ontologist8 have not not held themselves bound to refer every ancient 
type to existing classes. The Labyrinthodonts were regarded by Goldfuss as 
intermediate between Croeodilia and Lacertilia, afterwards as intermediate 
between Ichthyoda (Pereiinibranchiata), Croeodilia, and Lacertilia. Eurmeister 
considers them to have affinity to all the orders of Amphibia (Amphibia -fllep- 
tilia), taking the same view of the position of the Trilobita among Crustacea. 
Now that the writings of Darwin have given greater definiteness and coherence 
to such views of zoological relation, and have rendered it possible to regard 
all natural history as a pedigree, speculation has become bold indeed. 
Ilxckcl '^' is able to assure us that the Oanoccphala diverged from the Peren- 
nibranchiate Amphibia (which make the thirteenth step in the descent of 
man) during the Carboniferous period, that they developed Proterosaurus and 
the Labyrinthodonts (branches which soon died out), and that the Ganocepha- 
lous line is continued down to our own day by the Gymnophiona. It is 
hardly necessary to point to Hoeckers Stammbaum ’’ of the Ganoid Fishes and 
the Dipnoi, which recent discoveries have done so much to impugn, in order 
to inspire distrust of these far-reaching Phylogenies.’’ Speculation as to 
the derivation of ordinal types, though undoubtedly legitimate, has hitherto 
proved extremely hazardous. 

If wo restrict ourselves to such statements as may bo maintained by evi- 
dence, we can at present say nothing more definite than this : — that the 
Labyrinthodonts were in nearly all important respects like recent Amphibia ; 
that their most striking peculiarities are those which adapted them for a 
predatory life ; that certain species, or certain details of structure, recall 
the recent Urodela, others the Gymnophiona, while the resemblance to the 
Eatrachia is hardly ever so close as to one or other of the lower orders of 
existing Amphibia. 

Distribution. — llemains of Labyinnthodonts have occurred in England, 
Scotland, Ireland, Germany, Eussia, Central India, South Africa, Australia, 
and North America. In the Eritish Museum and in the Museum of the 
College of Surgeons undescribed specimens of Labyrinthodonts are pre- 
served, which have been obtained from the Ehootic beds of the Severn. 
One genus (Bhinosmirus) has occurred in the Oolitic strata of the Govern- 
ment of Simbirsk (Eussia). It is there associated with Ichthyosauria and 
Oryplioea dilatata, 

^ Schopfungsgeschichto, 2nd ed : compare pp. 524, 586, and tab. xii. 
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Table of Distribution, 


England ■( 

V 

Carboniferous. 

Permian. 

Triassic. 

Rha?tic. 

Jurassic. 

AnthracosauruSjjfft^J?. 

Batrachiderpeton, 

Han. 

Loxomma, Hux. 
Ophiderpeton, Hux. 
Pnoliderpeton, Hnx, 
Pteroplax, Han. 
Urocordyius, Hnx. 

Dasyceps, Hux. 
Lepidotosaurus, 
Han, 

Labyrinthodon, Ow. 
Diadetognathus, 
MioJl. 

Mastodonsaurus, 

Jacg, 

Unde- 

Bcribed 

fepecimens. 


/ 

Scotland - 

Anthracosaurus, Hvx. 
Loxomma, Hiuv. 
Pholiderpeton, Hnx. 
Pholidogaster, Hnx. 
Pteroplax, Han. 





/ 

Ireland < 

\ 

Doliehosoma, Hn.v. 
Erpetocephalus, Hux. 
Ichthyerpeton, Hux. 
Keraterpeton, Hux. 
Lepterpeton, Hux. 
Ophiderpeton, Hux. 
XJroeordylus, Hux. 





Germany 

V. 

Apateon, Me^er. 
Archegosaurus, 

Goldf. 

, [Ostcophorus, 

1 

1 

1 

1 

Capitosaurus, Mmst. 
Mastodonsaurus, 
Jaeg. 

Metopias, Meyer. 
Trematosaurus, 
Braun. 

Xestorrhytias, Meyer. 



RiiAfiifl. ,,,,,,,, 

f 

Zygosaurus, , 

Eichw. 

Chalcosaurus, Meyer. 
Melosaurus, Meyer. 


Rhinosau- 
rus, Waldh 


1 

rienfrftl 


f 

[Brachyops, 0w.'\ 
Gonioglyptus, Hux. 
Pachygonia, Hux. j 









Micropholis, Hux. 









[Bothriceps, Hux.l 






1 

North America . ^ 

\ 

Amphibainus, Cope. 
Bapiietes, Ow. 
Brachydectes, Cope. 
Colosteus, Co])e. 
Dendrerpeton, Ow.? 
Eosaiirus, Marsh? 
Hylerj^ton, Ow.? 
B^lbnbmus, Daws. ? 
liolgophis, Cope. 
(Estocephalus, Cope 
(Urocordylus). 
Raniceps, Wyman? 
Sauropleura, Cope. 
Ichthyocampsa, Cope, 


Pictyocephalus, 

Leidy. 

Eiipelor, Cope. 
Pariostegus, Cope, 




No opinion is for the present expressed os to the validity of these genera. The 
systematic position of those marked ?, and the stratigraphical poeitien pf tjipjie included 
in brackets, have been questioned. 
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Note . — Since the preceding Eeport was presented, additional information 
has been obtained from various sources, particularly by means of a detailed 
examination of the Labyrinthodont fossils in the Museum at Warwick. The 
nature of the mandibular articulation of Mastodonsaurus, for example, is 
more clearly revealed by undescribed specimens in the Warwick collection 
than by any of tho Wiirtemberg fossils. A special paper, containing an 
account of the results arrived at, will shortly bo published. Some notice of 
the structure of the osseous ear- chamber, as exhibited by the largo skull of 
Gapitosam'us from tho Kcuper sandstone of Wiirtemberg, should have been 
included in the Eeport. The essential facts arc given by Quenstedt (Die 
Mastodonsaiirior im griinen Keupersandsteine Wiirtemberg’s sind Batrachier, 
p. 14, t. ii. fig. 1, and t. iii. figs. 16, 18). On a future occasion the Com- 
mittee hope to give the results of a microscopic examination, now in progress, 
of the teeth of various Labyrinthodont genera. 

January 1874. 


EXPLANATION OF PLATES 
Plate I. 

Skull of Loxomma (restored). Tho contours are chiefly taken from a fine uncompressed 
specimen in the possession of Mr. George Maw, F.L.S. 

Plate II. 

Fig. 1. Side view of skull of Loxomma. 

2. Posterior extremity of mandible of Loxomma^ showing tho absence of a post- 

articular process (Report, p. 237). 

3. Posterior extremity of mandible of LiadetognaiMis, showing a well- developed 

post- articular process. 


Plate III. 

Fig. 1. Atlas of Mastodonsaunoi, front view (Palaontologie Wiirtembergs, t. v. fig. 4). 

2. Restored cervico-dorsal vertebra of Masfodoyibaums, seen from before, showing 

the articular facet upon the centrum (Report, p. 239). 

3. Dorsal vertebra of Vtcroplax (?), seen from behind (Ilancock and Atthey, Nat, 

Hist. Trans. Northumberland and Durham, vol. iii. t. ii. fig. 2). The vertebra 
is slightly restored, and shows the two facets upon the transverse process (Re- 
port, p. 239). For comparison of vertebra of Anthracosaurus (?), see Huxley, 
‘ Quart. Journ. Geol. 8oc.’ vol. xix. p. C3. 

4. Antero-posterior section of vertebral centra, (a. Mastodonsaurus. b. rteroplax. 

0 , Vholiderpcton.) 


Report of the Committee appointed to construct and print Catalogues 
of Spectral Rays arranged upon a scale of Wave-numbers^ the 
Committee consisting of Dr. Huggins, J. N. Lockyer, Professor 
Eeynolds, Professor Swan, and G. Johnstone Stone y (Eeporter). 

The Committee, appointed to construct and print catalogues of spectral lines 
arranged upon a scale of wave-numbers, had hoped to present the catalogue 
of solar lines, and of a large number of metallic lines, at the present Meeting 
of the Association ; but a delay having arisen about the engraving of the 
maps which should accompany the catalogues, they have not been able to go 
to press in sufficient time. 

The whole of the solar spectrum is now ready for the printer ; and the 
reduction of those positions of metallic lines which Thalen determined by the 
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method of direct superposition upon the solar spectrum is in a forward state. 
The solar lines have been thrown into the groups which catch the eye in ob- 
serving the spectrum ; and the position of each lino has been corrected for the 

dispersion of the air. Both KirchhoflPs arbitrary number and Angstrom’s 
determination of wave-length will be given along with the wave-number for 
each line ; so that it is hoped that, when these catalogues are printed, ob- 
servers will find in them, in a collected form, the best materials which yet 
exist for the identification of lines, and for reducing fresh determinations, 
either to wave-lengths in air or wave-numbers in vacuo» 

The Committee had taken Angstrom’s determinations of the wave-lengths 
of about a thousand solar lines, published in his ‘ Rechcrches sur le Spectre 
Solaire,’ as the foundation of their catalogues. They are therefore glad to 
be able to state, on the authority of the Astronomer Royal, that his criticism 

o 

of Angstrom’s labours in the Philosophical Transactions for 1872, pp. 90 

o 

& 109, refers to preliminary measures made by Angstrdm in 1803 with im- 
joerfect apparatus, and does not aflPect the determinations which have been 
relied on by the Committee. „ 

The small final corrections mentioned by Angstnim at p. 29 of his memoir 
have been applied throughout to the numl)ers of his cat alogue. The correc- 
tion for each line was ascertained by a diagram constructed by plotting 
down the corrections corresponding to the lines of the select list which ho 
gives on pp. 31 & 32. The Association Catalogue may therefore be regarded 

as representing Angstrom's work in its finished state. 

The corrections to be applied for the dispersion of the air have been 
deduced from Ketteler's determinations of the refractive indices of air cor- 
responding to the positions of the lithium, sodium, and tliallium lines. These 
give only three points on the curve ; but as they lie nearly in a straight lino 
when referred to a scale of wave-numbers, the extension to the limits of the 
visible spectrum is tolerably safe. Kevcrthcless it would be very desirable 
that a determination of this important correction should be made, extending 
over the whole spectrum. One of the members of the Committee hoped to 
execute this work, and ])lanncd the apparatus which seemed necessary ; but 
he could not command sufiicient time to carry out his intention. 

Since your Committee have not finished the task intrusted to them, they 
recommend that they be rcai)pointed ; they would request tliat IMessrs. »Spot- 
tiswoode and De La Rue be invited to serve along with them. 


"Report of the Committee, consisting of John Lubbock, Bart,, Pro- 
fessor Phillips, Professor Hughes, and W. Boyd Dawkins, Secre- 
tary, appointed for the purpose of exploring the Settle Caves. 
Drawn up by Mr. Boyd Dawkins. 

The Committee appointed by the British Association at the last Meeting, 
at Brighton, to cooperate with the Settle-Cave Committee in carrying on the 
exploration of the Victoria Cave, has expended the grant intrusted to them, 
with but negative results. Since the last Report was published, in which 
the discovery of the Pleistocene cave-earth underneath tho grey clay at the 
entrance was recorded, their attention was directed to the examination of the 
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Pleistocene stratum and its relation to the deposits above and below. A pas- 
sage was cut through the talus of angular detritus fallen from the cliff at the 
same level as the cave-earth, which proved that the detritus graduated in its 
lower part into a clay containing stones, among which glaciated Silurian 
grit-stones were recognized on 3rd November, 1872. These were close to a 
largo mass of fallen rock which formed the left-hand side of the passage that 
had been cut at the entrance, the right-hand consisting of the solid limo- 
stono wall of the cave. They rested at about the same level as the stratum 
containing the cave-mammals, and apparently were deposited on the edges 
of that stratum. Some of them were embedded in clay, while others, which 
were to he seen in the section exposed May 21 last, were free, the clay that 
once covered them being washed away. 

At the end of the passage, and just within the entrance of the cave, a shaft 
was sunk, which proved that the cave-earth was only from 3 to 4 feet thick, 
and that it rested on a confused stratum of large limestone blocks embedded 
hi clay both amorphous and laminated, and in some cases in sand, 7 feet 
thick. Below this the workmen broke into a passage, of which one side was 
composed of the wall of tlie cave. 

This section revealed the fact that the laminated clay occurred at various 
levels, not merely above but below the ITcistoceuc stratum ; and there seems 
to the Secretary (Mr. Dawkins) to be no reason why it should not be depo- 
sited now in some of the interstices between the blocks of stone below the 
JTeistoceno stratum by the heavy rains. 

The evidence as to the precise relation of the older deposits in the cave to 
the glacial phenomenon of the district is not so clear as might have been ex- 
pected. The boulders may be the deposit la situ of a lateral moraine ; or they 
may have dropped subse(|uently from a higher level. It is, however, obvious 
that the hymnas, bears, mammoths, and other creatures found in the Pleisto- 
cene stratum could not have occupied the district where it was covered by 
ice. And had they lived here after the retreat of the ice-sheet, their remains 
would occur in the river-gravels from which they are absent throughout a 
large area to the north of a line drawn between Chester and York, since they 
occur abundantly in the postglacial river- deposits south of that line. On the 
other hand, they belong to a fauna that overran Europe, and must have 
occupied this very region, before the Glacial period. It may therefore reason- 
ably be concluded tliat they occupied the cave in pregiacial times, and that 
the stratum in which their remains lie buried was protected from the grind- 
ing of the ice-sheet* which destroyed nearly all the surface -accumulations in 
the river-valleys, by the walls and roof of rock which has since been to a 
great extent weatliered away. 

The exploration of the Victoria Cave, which has hitherto yielded such in- 
teresting evidence of three distinct occupations (first by the hyaenas, then 
by Neolithic men, and lastly by the Britwelsh), is b}’ no means complete. The 
cave itself is of unknown depth and extent ; and the mere removal of so 
much earth and clay as it is at present known to contain will bo a labour of 
years. The results of the exploration up to the present time are of almost 
equal value to the archmologist, to the historian, and the geologist, and 
prove how close is the intimate bond of union between three branches of 
human thought which at first sight appear remote from each other. 

* On this point seo; — Pop, Sc. Pev. Oct. 1871 Pleistocene Climate and Mammalia ; 
and “ Classification of Pleistocene Strata,’^ Quart. Jourii. Cool. Soc. 1872, pp. 411 et seq^. 
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SMA Report of the Committee, consisting of Prof. Everett, Sir W. 
Thomson, F,KS,, Sir Charles Lyell, Bart,, F,R,S,, Prof. J. Clerk 
Maxwell, F,R,S,, Prof. Phillips, F.R.S., G. J. Symons, F,M.S,, 
Prof. IIamsay, F/R.S., Prof. A. Geikie, F,R.S., James Glaisher, 
F,R,S,, Rev. Dr. Graham, George Maw, F.G.S., W. Pengelly, 
F,R,S., S. J. Mackie, jP.G.S., Prof. Hull, F.R.S,, Prof. Ansted, 
F.R.S., and J. Prestwicii, F.R.S., appointed for the purpose of 
investigating the Rate of Increase of Underground Temperature 
downwards in various Localities of Dry Land and under Water. 
Drawn up hy Prof. Everett, D.C.L., Secretary. 

In last year’s Report a very interesting series of observations was recorded, 
taken in the great well of La Cbapcllc at Paris, by Messrs. Maiiget and 
Lippmann. The temperature recorded showed a tolerably regular increase, 
at the average rate of 1® Pahr. for every 94 feet, down to the depth of 600 
metres. In comparing the temperature at this depth with that at the bottom 
of the well, GO metres lower, an increase about four times as rapid was 
found. 

The Secretary has since visited the well, and witnessed, with the advan- 
tage of Mons. Mauget's explanations, the very interesting operation of 
boring. From subsequent calculation, based on the data thus obtained, lie 
has been led to concur in the explanation originally given by Messrs. Mauget 
and Lippmann of the abnormal increase in the last GO metres. 

The well has in its lower portion an internal diameter of 1-35 metre, and 
consequently a sectional area of 1*43 square metre. The boring is executed by 
means of a kind of chisel, whose edge is a convex arc of a circle. This chisel, 
with its frame, weighs 3000 kilogrammes. It is lifted and dropped by means 
of a series of iron rods screwed together, so as to form one rod GGO metres 
long. The arrangements are such that, when the chisel has been lifted *4 
of a metre from the bottom, it becomes automatically released, and falls back 
through this distance. The rod is then lowered after it through an equal or 
slightly greater distance ; and, by another self-acting arrangement, the tool 
becomes again attached ready for a new lift. The rods are hung from one 
end of the beam of an engine, which takes two seconds to rise, and the same 
time to descend. The tool is therefore dropped fifteen times in a minute. 

When this work has been going on uninterruptedly for several hours, the 
tool is raised above ground, and a cylindrical vessel, with a number of valves 
in its bottom, is lowered for extracting the mud and chips which have been 
produced by the operation above described. As three hours are required either 
for raising or lowering, a considerable portion of the twenty-four hours in each 
day is occupied by these subsidiary operations ; and for some time previous 
to the observations detailed in last year’s Report, the time actually spent in 
using the chisel was about 100 hours per week. 

Hence we have the following calculation for the heat developed by the 
action of the tool. The weight of the tool in air is 3000 kilogrammes. Its 
weight in water may be assumed to be of this. Hence the work done in 
raising it through *4 of a metre is 1050 kilogrammetres. Heat equivalent to 
this is generated in its fall ; and as 424 kilogrammetres of work are equiva- 
lent to one kilogramme degree Centigrade, we have 2-48 kilogramme 
degrees Centigrade, or 4*46 kilogramme degrees Fahr. as the product of each 
fall of the tool ; that is to say, one kilogramme of water would bo raised in 
temperature 4°*46 Fahr. by the heat produced in one fall. The number of 
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falls in a week was 15 x 60 x 100 =s 90,000, representing 401,000 kilo- 
gramme degrees Eahr. Now, the sectional area of the well being 1*43 square 
metres, and a cubic metre of water being 1000 kilogrammes, the weight of 
water in each vertical foot is 1430 kilogrammes. The heat generated in one 
week’s work would therefore heat, by 1° Fahr., as much water as occupies a 
height of metres, and the heat generated in one day would 

heat a column of the height of 40 metres to the same extent. A largo 
portion of this heat is removed by the extraction of the mud, which, on 
coming to the surface after its three hours^ passage through the water, is 
found (as stated in last Eeport) to have a temperature of from 118° Fahr. to 
194° Fahr. ; but the quantity of heat remaining must assuredly be sufficient 
to keep the bottom of the well higher by some degrees than its natural 
temperature. The temperature actually observed on June 15, three days 
after the cessation of the boring operations, was about greater than the 
natural temperature as computed from the observations at other depths in 
the well ; and the temperature observed on June 18 was exactly the samq 
as on the 15th ; whereas the temperature at a point 60 metres higher had 
fallen by *4 of a degree. These circumstances were mentioned in last year’s 
Eeport as difficult of interpretation, since one would have expected to find 
the greatest change at the bottom, where the artificial disturbance of the 
temperature had been greatest. 

It must, however, be borne in mind that the operations of boring, including 
the raising to the surface and relowcring of the boring tool and the extracting 
cylinder, both of which arc nearly as large in section as the well itself, have 
a tendency to mix together the waters at different levels, and to prevent a 
sudden increase of temperature in approaching the bottom. Judging from 
the temperature of the mud, as above stated, it is probable that, during 
the boring operations, the solid rock surrounding the mud had, to the thick- 
ness of a few inches, a temperature not less than 100° Fahr. The 
temperature observed at the bottom on June 15, was 83|° Fahr., which, 
though exceeding by the temperature of the water 60 metres higher, must 
have been lower than the temperature of the rock immediately surrounding 
the bottom. It is therefore quite possible that after three more days of 
stagnation, the water at the bottom, situated between these two opposing 
influences, may have retained its temperature unchanged, while the water 
60 metres higher showed a fall of temperature, from the discontinuance of the 
stirring processes which had previously enabled it to borrow heat from below. 

It would appear, then, that, in computing the mean rate of increase down- 
wards, the temperature (75°-4) observed at the depth of GOO metres (June 18), 
is to be preferred to the temperature observed at the bottom. Employing 
as the other term of comparison, the temperature 58° observed at 100 
metres from the surface, the rate of increase obtained is 1° Fahr. in 28*7 
metres, or in 94*3 feet. If, however, instead of the temperature at 100 
metres, we employ the permanent temperature of the caves under the Paris 
Observatory, which is 11°*7 Cent, or 53°*1 Fahr., with a depth of 28 metres, 
we obtain a rate of 1° Fahr. in 25*6 metres, or 84 feet. 

A few months after the observations above discussed, the boring was again 
interrupted by caving in, and has not yet been resumed ; but preparations 
arc being made for tubing the well through its whole depth, the previous 
tubing having been carried only to the depth of 139 metres. In the mean 
time M. Mauget has promised to take another set of observations before the 
water is disturbed. 

[This promise has been redeemed, since the reading of the Report, by the 
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taking of a complete set of observations on the 15th, 16th, and 17th of October, 
as shown in the last of the subjoined columns ; — 


1872. 


Depth, 
in metres. 

Jiiiir 14, 15. 

. Juno 17, 18. 

187T 

Oct. 15, JO, 17. 

100 .... 

58*0 

58*0 

59-5 

200 

61-1 

61-0 

61*8 

300 .... 

65-0 

65-0 

65-5 

400 .... 

G9-0 

69-0 

69*0 

500 

72-6 

72-6 

72-G 

GOO 

75-8 

75-4 

75-0 

660 

83-25 

83-25 

76-0 


It thus appears that the abnormal elevation of temperature at the bottom 
due to boring, was Fahr. 

With reference to the temperatures in the first 300 metros, !!Messrs. ^Mauget 
and Lippmann remark : — “When last ^u'ar’s observations were made, the well 
had been tubed to the depth of 130-15 metres, but liad not been cemented. 
Consequently the springs which were met with in the tertiary strata, com- 
municated, at the base of the tubes, with the water in the well. Cement has 
this year been poured in between all the tubes, some days before taking the 
temperature of the water. This operation has excluded the tertiary springs, 
and pennitted the water of the well to resume its normal temi)erature.^’] 

At Kentish-Town well, the new thermometer described in last Eeport was 
lowered by Mr. 8ymons to the depth of 1000 feet, on October 29th, 1872. 
It has been raised and read three times, with the following results : — 


1872. December 23rd 07*71 

1873. April 5th 07*00 

,, July 5th 07*58 

„ fSeptember 5th 07‘50 


These exhibit a steady decrease, which can scarcely be attributable to errors 
of observation, as such erroi's, whether arising from change of length in tlio 
copper wire by which the thermometer is sustained, or from change in the 
thermometer itself, would probably have been in the opposite direction. Mr. 
Symons writes : — “ The scale-error of the thermometer might have changed ,• 
but tbermometers read higher by age, not lower, except when in vacuum- 
jackets, which this is not. Moreover, on roughly comparing it with my Kew 
Standard, I find it certainly not lower, perhaps higher ; hut the comparison 
of maximum -thermometers in shields with naked standards requires more 
time than I have yet been able to give.’’ 

As it will be instructive to trace these variations to tlicir source, the ther- 
mometer has been removed for retesting, and the depth-measuring apparatus 
for cleaning. Mr. Symons proposes to substitute steel for copper wire, so as 
to reduce the amount of stretching, to substitute monthly for quarterly obser- 
vations, and to attack the problem with all possible delicacy next year. 

Mr. Lebour writes, with reference to the observations contained on page 133 
of last year’s Eeport, that Mr. Atkinson has repeated the observations for 
temperature in the South-Hetton bore-hole, the result being that the abnor- 
mal temperature at 644 feet from the top of the boring (viz. 75°, that at 
600 feet being 76 J°, and that at 670 feet being 77^°) was found to have 
been quite accidental, being caused in all probability by insufficient time 
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having been allowed to the thermometer. The reading in those repeated 
experiments at 644 feet, vnth ample time, was a normal one between the 
readings above and below.” 

It having been ascertained that the slipping-down of the mercurial index, 
which has often occurred in the Phillips thermometers supplied to the Com- 
mittee by Casella, was owing to their bore being less fine than in the original 
instrument as designed and constructed by Professor Phillips, two thermo- 
meters of finer bore were ordered from Casella ; and they have been found to 
exhibit as much stifecss in the index as is desirable — so much so that diffi- 
culty is sometimes experienced in shaking the index down to its place when 
the instrument is to be set. The thermometers thus constructed have the 
advantage of great quiclmess of action, as compared with the large-bore 
Negrettis which are in use by the Committee ; but the excessive fineness of 
the bore sometimes occasions difficulty in reading. The instrument, in fact, 
could scarcely be put into the hands of any one but a skilled observer. 

Two thermometers were supplied to Mr. Willett, the Honorary Secretary 
for the Sub-Wcalden bore which was commenced last year at bTetherfield. 
One of them was a Negretti, the other one of the new fine-bore Phillips 
thermometers above described: the former alone was used. The first 


observation was taken in April of the present year by Mr. Bos worth, the 
engineer of the boring, and showed a temperature of 68 Fahr. at the depth 
of 168 feet, the temperature of surface-springs as tested by the same instru- 
ment being 51° F. The Beport states that the thermometer appears to do 
its work well, and to give reliable results.” In a second observation, taken, 
in Mr. Bosworth’s absence, the instrument was broken in hauling up. 
Another thermometer of the same kind was then procured from the makers ; 
and an observation taken with it on the 2nd of August showed a temperature 
of 62° F. at the depth of 263 feet. No observations were taken except at 
the bottom, on either occasion ; and the above numbers show that the heat 
generated by the boring-tool was sufficient to produce disturbances of tem- 
perature amounting to several degrees. 

Thermometers have also been supplied for observations in two deep wells 
in Essex — namely, one at Witham, 660 feet deep, and another at Harwich, 
originally about 900 feet deep. The commencement of the observations, 
however, has been hitherto delayed. 

There is a well at Comb’s tannery, near Stowmarket, which was sunk 
some years ago to the depth of 895 feet, the first 57 feet being clay and sand, 
and the remainder chalk and marl, except about 20 feet of gault and green- 
sand at the bottom. The proprietor, Lankester Webb, Esq., on being applied 
to, near the close of last year, at once, in the most obliging manner, undertook 
to make observations of temperature in it ; and a Begretti thermometer was 
supplied for the purpose. 

On proceeding to take the observations, it was found that only the first 
283 feet were available, the remaining portion of more than 600 feet being 
choked with chalky mud. Three sets of observations were taken, with the 
following results ; — 


3 feet from surface of water 


100 

150 

200 

283 


9) 

91 

91 


„ ground 

^9 99 

99 99 

9 9 99 


Temperatures in degrees Fahr. 
, - ^ 

1st set. 2nd set. 3rd set. 

. 64 

. 524 624 63 

53 

,54 54 63 

. 524 54 54 
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The well is full of water to within 24 feet of the surface of the ground, 
and is tubed with a 9 -inch iron tube for about 90 feet, the top of this tube 
being about 22 feet below the surface of the ground. The upper portion of 
the pipe is surrounded by a bricked well, into which there is a drain coming 
from under two Cornish boilers close to the well ; and the water in this 
bricked well occasionally rises so high as to overflow into the pipe. This is 
probably the cause of the high temperature recorded at 3 feet below the 
water-surface. There would appear to be some error in the first observation 
at 283 feet; and if this be rejected, an increase of about degree is shown 
in descending from the depth of 100 feet to that of 283 feet. 

The source of the water-supply, which is extremely abundant, is unknown, 
the only strong spring known to exist in the unchoked portion of the well 
being in the sand at the depth of only 30 feet. The circumstances arc clearly 
not favourable for deducing an)^ certain inferences regarding the increase of 
temperature downwards in the neighbouring soil. 

The arrangements for further observations of temperature in the Mont- 
Cenis tunnel are now in the hands of Father Dciiza, of Moncalieri, near 
Turin, who wrote to the following effect in April of the present year ; — 

“ Every thing was ready for undertaking the w^ork in the course of last 
year, when unexpected circumstances over which we had no control obliged 
us to suspend it. It is now our intention to commence work in the summer 
on which we are now entering, when I shall determine the temperature, for 
which observations the instruments are all in order. The thermometrical 
observations wnll be made in the interior of the tunnel at various depths, and 
accompanied by others in the open air on the slope of the mountain accord- 
ing to a fixed plan.’’ 

Another Alpine tunnel has been commenced (in the neighbourhood of the 
St.-Gothard pass), which will be both longer and deeper than that of Mont 
Cenis. It has been pierced for a distance of about 300 metres at each end — 
namely, at Geschenen, about 6 miles from Andcrmatt on the Swiss side, and at 
Airolo on the Italian side. The engineers at the Geschenen end (which was 
recently visited by the Secretary) keep a record of the air-temperature in the 
workings. This is found to be higher by 3° Cent, at the distance now reached 
than it was in the earlier portion of the tunnel ; but no observations of rock- 
temperature have as yet been made. 

Application has recently been made for observations in some of the deepest 
mines on the continent of Europe ; and in three instances a favourable answer 
has been received. Observations may accordingly be expected from the 
mines of the Socicte Cockerill at Seraing, near Liege, from the mines at 
Anzin in the Dopartement du iN'ord, and from some of the deepest mines in 
Bohemia. The Secretary desires to acknowledge his obligations to M. Delesso 
of the School of Mines at Paris, M. Sadoine of Seraing, M. do Marsilly of 
Anzin, and Prof. Zengcr of Prague. 

It is understood that numerous observations have been madoduring the past 
year with the thermometers sent to Australia. The official report, however, 
has not been as yet received. 

The Committee have learned with pleasure that a scries of experiments have 
been commenced, by Professor Alexander Herschel and Mr. Lebour, on the 
conductivity of different species of rock — a subject intimately connected with 
the inquiry in which the Committee are engaged, and one respecting which 
additional information is greatly needed. 
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Report on the Rainfall of the British Isles for the years 1872-73^ by a 
Committee j consisting of C. Brooke^ >8. [Chairman) y J. Glaisher, 
F,R.S.y Prof. J. Phillips, J. P. Bateman, C^E., F.R.S., B. 

W. Mylne, C.E.y F,R,S,j T. Hawksley, C.E., Prof. J. C. Adams, 
F.R.S.y Prof. J. J. Sylvester, F,R.S., C. Tomlinson, F.R.S., 
R. Field, C.£., Dr. Pole, C.E., FR.S., Prof. D. T. Ansted, 
F,R.S., A. Buchan, F.R.S.E.y G. J. Symons, Secretary, Drawn 
up by G. J. Symons. 

Your Committee are glad to be able to report steady progress in the various 
branahea of rainfall work under their supervision. The new stations started 
in Scotland, as explained in our last Keport, have, with few exceptions, been 
carefully attended to. Your Committee desire to record their thanks to the 
Directors and Secretary of the Highland and Dingwall and Skye Railways 
for the very great assistance already afforded, and which your Committee 
hope to render still more valuable by the personal inspection of the stations 
by their Secretary at an early date. Gauges have been established at the 
following stations on these lines, and continuous records have been received 
from all but those marked with an 


Dunkcld, 

Perth. 

1 Nairn, 

Nairn. 

Aberfeldy, 

J3 

1 Fort George 

Inverness, E. 

Pitlocluio, 


1 Inverness, 

if a 

8triuin, 


Beauley 

a a 

Dalnaspidal, 

jj 

Dingwall, 

Ross, E. 

Dalwhinnie, 

Inverness, E. 

Invergorden, 

a if 

Kingussie, 

?? )> 

Tain, 

if fi 

Aviemore, 

>> 

Bonar Bridge, 

ft ft 

Grantown, 

Elgin. 

Lairg, 

Sutherland. 

Dava, 

Inverness, E. 

Golspie, 

fi 

Forres, 

Elgin. 

Helmsdale, 

ft 

Burghead, 


Garve*, 

Achanault, 

Ross, E. 

Miilbcn, 

Banff. 

3i if 

Keith, 

)> 

Achnasheen, 

„ W. 


Strome Ferry, Ross, W. 


Your Committee regret that the vicinity of the Caledonian Canal and the 
West of Ireland arc still very destitute of observers, and that several Welsh 
counties, e.g. Cardigan and Carmarthen, must bo added to the list of districts 
in which observers are especially needed. Y"our Committee do not, however, 
enlarge upon this subject on the i^rcsent occasion, because they hope at an 
early date to present a revised edition of the list of stations published in the 
Report of this Association for 1 8(15, and such remarks will be more appro- 
priate then than now. The list published in 1835 has, mainly in consequence 
of the development of the work under the auspices of the Committee, become 
obsolete, as it does not contain more than two thirds of the data now col- 
lected. The new list will contain all records known at the date of publica- 
tion, and will be invaluable to future inquirers. 

The whole of the forms of inquiry respecting the positions &c. of the rain- 
gauges in the country were issued last October. Of the 1700 issued, more 
than half were not returned ; and therefore, at their meeting in June of the 
present year, the Committee instructed their Secretary to send a second 
application to each of these persons. By this means many more have been 
obtained. The total number received up to the present time is as follows : — 
1873. s 



KEPORT 1873. 


258 


Dir. 

>* 

» 

») 

» 

?> 

»» 


I. Middlesex i6 

II. South-eastern Counties 90 

III. South Midland Counties ... 60 

IV. Eastern Counties 45 

V. South-western Counties ... 103 

VI. West Midland Counties ... 59 

VII. North Midland Counties ... 44 

VIII. North-western Counties ... 59 

IX. Yorksliirc 60 

X. Northern Counties 60 

XI. Monmouth, Wales, and the 

Isles 45 

XII. Scotland, Southern Counties 16 


657 


Scotland {continued). Brought up 657 


Dir, XIII. South-eastern Counties. 

„ XIV. South-western Counties 

„ XV. West Midland Counties 

„ XVI. East Midland Counties. 

„ XVII. North-eastern Counties 

„ XVIII. North-western Counties 
„ XIX. Northern Counties 
„ XX. Ireland, Munster ... 

„ XXI. „ Leinster... 

„ XXII. „ Connaught 

„ XXIII. „ Ulster 


12 

17 

10 

IS 

^3 

14 
8 
5 

15 

4 

18 


Total 798 


The rctnrnB have been sorted, the angular elevations of surrounding objects 
computed, blank forms prepared ; and the tabulation has been commenced on 
the plan shown by the following specimen (p. 259). 

When this tabulation is completed, the information afforded will be of the very 
highest value; but the labour of discussing the returns (without which they are 
practically useless) will be very heav}% as may be judged by the fact that the 
specimen sheet contains only four returns out of the 800 already received. 

Although the mass of information thus produced is so large, the Com- 
mittee cannot but regret that a considerable number of the forms have not 
been returned, and that it seems probable that those who have neglected to 
send them back arc the persons respecting the positions of whose gauges 
information may be most desirable. Your Committee therefore feel that 
there is no alternative but to press forward the personal examination of all 
these stations as rapidly as possible. It is satisfactory’ to them to find that 
the views which they have steadily held of the paramount importance of 
personal inspection of the stations have not only been recognized and acted 
upon by the Meteorological Committee of the Iloyal Society, but have met 
with great support upon the Continent. 

At the Meeting of the French Association for the Advancement of Science 
at Bordeaux, September 1872, the following resolution was j^assed: — “We 
think that rules universally applicable can be laid down for the verification 
of instruments, and the inspection of meteorological stations, and we believe 
that it would be one of the greatest advantages which can possibly be real- 
ized in meteorology.’’ The same subject was discussed at the Meteorological 
Conference held at Leipzig in August last, and the following resolution was 
adopted : — “ It is desirable to make a periodical inspection of the stations 
of each system as frequently as possible.” In consequence of the issue of 
the position-forms previously mentioned, our Secretary has been obliged, both 
by considerations of time and money, rather to curtail these personal ex- 
aminations ; the number, however, described in the Appendix to the present 
Beport is 54, bringing the total up to 479, to which should bo added 
those tested by Mr. Buchan with the apparatus presented to the Scottish 
Meteorological Society last year, of which, owing to Mr. Buchan’s absence 
at Vienna, the details have not yet been received. 

It will be remembered that the gauges erected in certain parts of Wales, 
and those erected in East Cumberland and Westmoreland by Mr. Symons in 
1865, were transferred to this Committee some years back. As some of the 
observers have died, and some of the gauges have been disabled, your Com- 
mittee have directed their Secretary to go over the district, and rearrange 
them as may seem most expedient. 
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The experimental gauges erected some years since at Caine, at the ex- 
pense of Col. Ward, and subsequently removed to Strathfield Turgiss and 
Hawsker (and of which the results were reduced, presented to this Com- 
mittee, and by them inserted in their 1869 and 1870 Koports), have been 
finally dismounted and preserved for future use if required, it being consi- 
dered that the doubtful points which they were constructed to test have 
been thoroughly settled. 

During tlie decennial period, extending from 9 a.m. January 1st, 1860, to 
the same hour on January Ist, 1870, there were 317 records of rainfall ke])t 
in the British Isles, without the omission of a single shower. These records 
therefore give 38,040 monthly values, or 3170 values for each month of the 
year, and afford by far the most reliable ])asis for investigation into the 
seasonal distribution of rainfall ever yet available. Accordingly your Com- 
mittee have had them all converted into percentages of the yearly totals at 
the several stations, and tabulated in the same maimer as those for previous 
decades given in our Heport for 1868. We give on the present occasion in 
Table I. the percentages for each individual station, because it has been 
remarked that we have not given monthly averages, and these percentages 
afford the means of readily obtaining such averages. It is merely necessary to 
shift the decimal point two places to the left to convert the percentage into 
a factor for deducing the monthly amount from the mean annual amount 
given in the column preceding the monthly i>crcentages. For example, the first 
station is Shrewsbury, of which the mean annual amount was 19*499, and 
the January percentage 8*6, wliich by shifting the decimal ])oint is converted 
into the factor •08(), and 19*499 x *086=1*677 in., the comjiuted January 
fall. The true January mean at Shrewsbury is 1*675 in.; and although 
the mean, computed by the above method, would not in all cases be in 
such remarkably close agreement with the true mean, the difference would 
never be of any consecpience. 

In Table II. we give the means for each group, and, for comparison, the 
corresponding values for the previous decade 1850-59, and also the doj)ar- 
tures of each group from the mean of each district. These values strengthen 
the evidence which we adduced in our 1 868 Report of the greater relativi' 
wetness of winter months at western stations, and especially at those of 
large rainfall. But though they corroborate the fact of the oscillation, they 
rather reduce its amount. For instance, at westt'rn stations in England wo 
have the following monthly percentages for stations at which the average 
is 20 to 25 in. : — 


1850-59. 


1860-69. 


January 

7- 9 

January 

7-8 

July 

10*6 

July 

8*3 

Difference . . 

2*7 

Difference . . 

0*5 

60 to 65 in. : — 




January 

13*9 

January 

11-2 

July 

7*4 

July 

5*4 

Difference . . 

6*5 

Difference . . 

5*8 


It is satisfactory to find that the general inferences drawn by Mr. Gastei*, 
and quoted in our 1868 Report, arc so far corroborated by the fuller in- 
formation now obtained — that, except as hereinafter noted, we may refer to 
that Report as giving a fair nsxmS of the facts in the present, always re- 
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membering that the 1860-69 decade has shown the various features in a less 
marked degree than the decade 1850-59. 

In order to facilitate an accurate determination of the months in which 
the maximum and minimum rainfall usually occur we have compiled 
Table III., which gives the months of maximum and minimum resj^ectively 
for two complete decades (for England, Scotland, and Ireland), adopting the 
same subdivision into districts, and grouping according to amount of annual 
fall, as in the previous Tables. 

An abstract of the results of Table III. is given as Table IV. 

These two Tables are very instructive, and afford information respecting 
the distribution of the epochs of maximum and minimum previously unat- 
tainable. 

The general features will be better understood by an examination of the 
Tables than by any description ; and we therefore confine ourselves to re- 
marking that the essential (bfference between the two decades is that in 
1860-69 July, as a month of maximum rainfall, has disappeared altogether, 
and April has become more frequently that of the minimum. In fact during 
the last ten years April has been the driest month at most stations in the 
British Isles, while in the previous decade this distinction was pretty equally 
shared by February and May. 

The gradual retardation of the epochs of maximum and minimum as the 
annual amount of rainfall increases, is also clearly shown by the upper por- 
tion of Table II. ; while in the lower or departure portion of Table II. it is 
ver}' instructive to observe the change of sign as the average total rainfall 
increases. 

IfYith a view to determining whether the same relative monthly values 
are found at the same station in all decennial periods, we have selected 
seventeen registers, each extending over at least forty successive years, while 
four extend over fifty, and one over sixty successive years, and rciduced them 
in the same manner as the 18()0-(i9 values. These are given in Table Y. ; 
and the result can hardly be called satisfactory. They show the same 
general features as the two decades which have been discussed in detail, 
such as the larger percentages in winter months in wet districts, and in the 
summer and early autumn in dry districts ; but the months of maximum 
and minimum shift about to an extent Avhich vould not be expected, con- 
sidering that each value represents the average of ten years. An examina- 
tion of these records, all embracing more than one third of a century, proves 
that, however steady the ten-yearly average amount of rain may be, its dis- 
tribution over the months is not so by any means; so that, as far as our 
])resent investigations go, it is im})ossible to lay down any general law as to 
the precise month of maximum and minimum fall. 

It has been the custom of this Committee to follow the practice inaugu- 
rated by Mr. Symons before their appointment, and give biennially details 
of the monthly faU of rain over the British Isles. As this practice has 
several advantages, your Committee are unwilling to de])art from it, and 
therefore leave the detailed discussion of the rainfall of 1872 until next 
year ; at the same time, as the total was in many districts excessive, and in 
several localities unprecedented, they have instructed their Secretary to pre- 
pare for the Bradford Meeting a map showing the more remarkable general 
features, and briefly to explain it. But as the subject will be discussed at 
length next year, they do not make cither the map or remarks a part of the 
present Report. 



262 


REPORT — 1873 


VO OO OO ^ 

b on^ b bv 


mGo m mt-c O t^O\M w^bv. 
b bv ON bv bv b bvoo oo m on 


M jTkOO -^Gp p 

©o 00 b\ 


00 p 'p f' 

os\o (>• b% b'.vb r>. bs K 


Ov O tn moo 

b\ b b b b\oo 


vow ow pwoovo p I 

b b b bv M bvoo b bv b 


Ov M p oo p m 
On b b b M b 


>-* 0\ O On P VO ON p VO ^ 

b b M b bv M M bv b bv b 


^ p- O 
On b b b ►-• W 


ov Ov crv VO p ^ Ov ov m oo 
bv Koo 00 00 00 bvw w i^do 


VO ^oo VO 
do oo bv 


oo pv M pv P' p p^vo 
vb \i) i^vb vb vb i^^b vb ^ *vn 


P oo p ^ N 00 
t^do Koo bv 


r^o O vdcI mitv 
bvdo bvKoo bvcTvbvodo 


►H u~i O VO •-• m 

i>do do c>.do b\ 


VO vr> O Ov tJ- vrv p. ps On 
do do do t>^oo K b Kdo i>. 


VO tJ- ^ O <o 
IrvvO v<-> vrvvo vr> 


OO r^oo O O m m rj-oo oo 
VJ-) vr> VT) VO b>vO VO VO tJ- VO 


00 ro VO -vj- ■vj' 

K K ^vb K. 


p m t>- pv O p O p p- p p 
do b-b-i^oodo Kdo Ovdo 


O VO oo M H m 
t^VO VO VOvb VO 


Ovvo to ri-vo M H VO w 
VO t^vo vb t^vb vb vb vb i>*vb 


yovo p» M VO 
bvvb N b. Kdo 


O VO *H m VO VO Ov VO moo 

do do b M bv U K b b b 


©rcj 


M O O ov O 

vovo Ov m i--. 

oo rJ CTv tJ- •«i-oo 

c< m m ^ tJ- ^ 

M r< 


m^pvoM (TvM o -^i-nrj-av 

■^•+0 nvom mr-ov(St-- 
N vovo vovO 


.14 ^ Y 

^ Si; ^ 
W H pH W ! 


{d * K * * • 

^ rrj ’ S 3 fl ^ rt 

^ .2 ^Z 2 ^ c 

g <2 S 75 I , S M'S |S 
I § 8 § c c'ESS 

Kfsn 3 o'MKMt 3 c«<i 6 


Mean of 11 Stations 2i7’97i ^o'o 6*6 7*9 j 5*7 ^‘3 I ^‘4 t ^*5 ®'7 io*5 



ON THE RAINFALL OP THE BRITISH ISLES. 


vp p p yot^jv-oo t^p'p pt» 5^5^ 

bNb^b>b b ONbooM^ b\»«- b ONb o\6o h\o b b b> b* bs cn b> b boo b 


OO p P'p P^ ^ V-IMVX5 vr>0o MOO M Ooo vr»0 00\c< t^VO 

boo 00 b b ^ boo 6o boo oo b boo ^ oo oo b boo oo do b boo do bc» b 


M p 00 p p VO oo vp yn p t^oo vp co yh p oo Tj-(p p oo P' y^ P P 

obMWMMbbbbHbbbbMobbbbbbbbbbbMb 


p .'^'P p' p' p p oo t^vo vopMocippy^i'P'py'^'pp^p 

b omijo b b b b b m b b *m b b b b *m b b m m Ih b b m b m m b 


P pN P'00 M Tt" vn rooo t^OOMMCOM COt^ t^V£) psONM M u-jyoM 

do b b b b boo b bbdo bb bbii b b bdo bbboo b bdo bbb 


p oo ro ps ri- O M cJnVO oo vo OsOO vr, tJ- OOOO m iV) (^1 m ri- tJ-VD m O 

»^vo vov^isovovbdo vobbb bvb bdo vb do vb vb vb do oo i>.vb do vo t^oo 


h>. »-i oo ro O *-n^o co CTnvo VO O OO 0\V0 vo rovo r< Vio to rooo 
oooodo vovb bdo bvbdo bbbdovbdQ bdo bbbdooo bdooo t^boo !>• 


P P P p p 9 p P' P p P^'P P' r*" p p P P' P" P" P'P P P 

oo t^do vb i'>.'b b bdo b b bvb b b bvb b b bvo b t^vb b bvb r^vo 


p Ovo_M r< 00 5^VO O M OvM o t< torow-^ovp O rovo vp P p p" p" P 

Vo VO VO VO lO VOVO lovovovovovovo»^vovovorj-vovovovovovovovovovovo 


P'PP'^ M voOvrON^vooo M tJ*vom fjvo covjD O m cvc^ 

do bdo bv bdo do VO o b bdo b b bvb b b bdo do b bdo b b b b b 


_'«4'_Ovptorovovor''VO M mroov vovo ro-thooM vorO'<i-Moo mOO O p p 
VO vb b t'-'VO b bvb vb vb b *t 'vb vb vb b bvb b bvo vb vo do vb vb vo bvb vo 


pO poc p Ovooo mvovoro vovO roOvcoOoo Ovroj^oo ^ ^ Cf3 tovo 

M OS b b b b b M b b M b m m b m b bdo b bdo m i>. o iS'Oo 


y^^CTvO Ov-^J-iovo rot^mixoo rJ-Osvo'^Ti'toi-i tJ Ovoo lovo O 0 \ 

O O r^rovo-j^fi rJ-OVM Ov-^v^t^OvM os»-' t^OOO rovo tvj M OS 
N vo vovo OMpivOt^Oi^N vovO VOOO OvOvOvtovot^OvO O vovo t^OO 0> 


,^4 




£ M " -p 

^.■S-g.s « 8? 

etfj^ajo.-i3oofc-a> 

pil pq Ph PM tJKi FQ Iz; 






C? rC 
O 


i 'u tP 


rt 

TO 

rt o a ' 

u ►■ 

^ W t^r- 

■5 

3 ^ O 

P^Qpq 






o O cu 
> > 


h* 

0) 

2 -5 g 


I 

a K § 


r/ Ct 

Si §rM iSa 


CO 


263 


The height of each gauge aboye ground and sea-level was given in the Keport for 1871. 
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Monthly percentage of Annual Fall. 
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Table I. (continued)* 
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Monthly percentage of Annual Fall. 
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Western District (continued). 
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Tabie II. — Mean Percentage 

ENGLAND AND WALES. 


Mean 

Annual 

No. 




Western District, 1850 - 59 . 




Fall. 

Between 

01 sta- 
tions. 

Jan. 

Feb. 

March. 

April 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dee. 

in. in. 
15- 20 













67 

20- 25 

8 

7*9 

S'S- 

57 

7-2 

7*0 

10-2 

10-6 

io'5 

9*1 

in 4 - 

8*5 

25- 30 

II 

9 * 

5 ’ 4 “ 

5-5 

6-9 

7-2 

90 

9'9 

9*8 

8*4 

1174- 

8-5 

8-6 

30- 35 

9 

9’3 

6*1 

57 - 

7*2 

67 

8*4 

87 

9*4 

87 

11 * 74 - 

9*3 

9-2 
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io'4 
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6-6 

7*0 
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8*5 

8-1 
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5 - 8 - 

77 

77 

8-6 

7-6 

10-9 
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In each Oroup. 

EI^GLAND AND WALES. 


No. 
of Sta- 

Western District, 1860-69. 

tions. 

Jan. 

Fob. 

March 

April. 

May. 
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July. 

Aug. 
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Mean. 
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9*0 

10*2 

cate the months of maximum and minimum percentage respcctivelj. 





\group from the mean of the district. 









-1*3 

— I’O 

— ‘I 

- -6 

+ 17 

4-4*0 

~i*5 

4-1*8 

4' 2 4 

- *6 

-3*1 

-17 


— 2*1 

-1*5 

“ *5 

+ *4 

-t-i'4 

4- -8 

f 2*0 

4-1*3 

0*0 

- *3 

- ‘9 

-6 


+ -I 

- ‘9 

+ *1 

+ *3 

-hi*6 

fri 

+ *2 

- *4 

f *I 

— *2 

-1-3 

“ *7 


- *5 

- *7 

+ *1 

— 'I 

-h *5 

+ *4 

+ '7 

4- *2 

-- *I 

+ *3 

- '3 

- *5 


— *6 

“ ‘5 

O'O 

0*0 

-1- -3 

+ -I 

+ 7 

+ *1 

*2 

*f *3 

0*0 

— *2 


+ *9 

0*0 

— *2 

- *3 

— *I 

- '5 

4- *1 

- *6 

- *5 

+ *3 

+ *4 

+ *5 


+ *5 

O'O 

- *1 

— *2 

- *5 

- 7 

0*0 

— *2 

— *1 

+ *4 

4- *5 

+ *4 


+ ’3 

4- *5 

0*0 

•— ‘I 

- *5 

- *6 

0*0 

- *4 

— *2 

0*0 

+ *6 

+ *4 


4- -I 

•fro 

— *2 

— *I 

- *9 

— 1*1 

- *5 

- *4 

*«• *3 

+ *5 

+ 1*0 

+ .9 


+ i’3 

4-1*3 

— 'I 

4- *6 

-•5 

-1*7 

- *9 

— *2 

— *I 

- *4 

+ 1*8 

-. *1 


4- 1*2 

+ 2*1 

f '8 

0*0 



-1*7 

-1*9 

- 1*0 

- *8 

— 1*1 

- *7 

+ 1*3 

+ 1*8 





Central District, 1 860-6 9. 





1 

9'4 

6*0 

7*3 

54- 

8*3 

9*5 

7*5 

10*84- 

10*4 

9-g 

7*8 

7*2 

II 

8-2 

6*3 

8*0 

5*7- 

9*1 

8*8 
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REPORT— 1878, 


TABLE II. 


ENGUND AND WALES. 


Mean 

Annual 

Fall. 

Between 

No. 
of Sta- 
tions. 

Eastern District, 1850-59. 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

in. in. 














15' 20 

4 

77 

47- 

5*3 

6'9 

7*4 

87 

12-3 + 

I r8 

9*3 

107 

8*9 

6-3 

20-25 

12 

7-9 

4-8- 

5‘i 

7-1 

8-5 

8-2 

I2'I 

jo‘4 

9*0 

12*34 

8*6 

6*0 

25-30 

12 

87 

4-8- 

57 

7‘o 

7*5 

7-3 

iro 

9’6 

9*5 

12*74- 

9*5 

7*1 

30-35 

2 

97 

4’a- 

5*5 

6-9 

7*6 

7-6 

87 

8*1 

lO’O 

14-9+ 

8’9 

7*9 

35-40 

I 

97 

4-5- 

6-8 

67 

7'o 

7-8 

9*4 

7-8 

lO’I 

>4'3 + 

8*2 

7*7 

50-55 

... 

... 

... 






... 





Mean... 

... 

8-5 

4-6 

5‘6 

6-9 

7-6 

77 

10*7 

97 

96 

13-0 

8-8 

7*0 









Departure of mean 

percentage for each 

15-20 


- -8 

4- -I 

- 7 

O’O 

— -2 

4- *8 

4-1*6 

, 1 

+ 2-3; - '3 

-2*3 

4- *1 

- 1 

20-25 


- -6 

4- -2 

- '5 

4- '2 

+ -9 

4- -3 

4-1*4 

4- *9 

- -6 

- ‘7 

“ *2 

— ro 

25-30 


+ *2 

+ -2 

- 7 

4- -1 


- -6 

4- *3 

+ *i 

— ’I 

- *3 

+ *7 

4- *1 

30-35 


-f I‘2 

- -4 

— *I 

0-0 

O’O 

- 7 

— 2’0 

-1-4 

4- *4 

+ i 9 

4“ *1 

4- *9 

35-40 


4-1-2 

— -I 

4-1*2 

- -2 

- -6 

- -I 

-1*3 

-1*7 

4- *5 

4-1*3 

- -6 

4. .7 

50-55 




... 

... 




... 

... 

... 



SCOTLAND. 

Mean 





Western District, 1850-59. 





J>0. 













Annual 

Fall. 

of Sta- 














tions. 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec, 

Between 














in, in. 














20- 25 

I 

io’9 

8-2 

6-2 

7'4 

4-8- 

9-0 

9’4 

77 

5*J 

io‘8 

9*4 

11*54- 

25- 30 

I 

11-44- 

7-8 

57 

5 3- 

67 

9‘4 

lO’I 

9*4 

8-1 

10*1 

6-4 

10*0 

30- 35 

3 

11*0 

8-3 

6-7 

5‘9 

4-6- 

6*7 

8*9 

8-5 

81 

10*3 

9*4 

I r64- 

35- 40 

4 

in 

7*6 

6*6 

5'5 

4’9- 

8-0 

9*2 

8*4 

7*5 

10*9 

8*9 

11*44- 

40- 45 

2 

iro4- 

8*2 

6-3 

7-» 

57- 

8-5 

8-2 

9*5 

6-5 

9*5 

8*6 

10*4 

45- 50 

2 

10-5 

8-6 

69 

6-8 

57- 

8-5 

8'5 

9*2 

6-6 

9*9 

7*7 

11*14- 

50- 55 

I 

117 

7*9 

6-4 

57 

5'4- 

67 

9*2 

87 

7*3 

10*4 

8*2 

12*64- 

55- 60 

... 

... 

... 


... 

... 


... 


... 


... 

... 

6c- 65 



... 

... 


... 

... 



... 

... 


... 

65- 70 

I 

13-0 

9*2 

6-9 

6-4 

5*0- 

6*6 

7*4 

7-8 

6*7 

10*1 

7*7 

1324. 

70- 75 

I 

14-4 

97 

6*6 

4‘9 

4*0- 

5*4 

6*9 

6*1 

8*0 

10*1 

9*5 

14*84- 

75- 80 


... 


... 



... 

... 




... 

... 

80- 85 

... 

... 

... 

... 


... 

... 

... 

... 

... 

... 


... 

ICO-105 


... 

... 

... 

... 


... 




... 

— 

... 

Mean ... 

... 

117 

8-4 

6'5 

6-2 

5*1 

7-6 

87 

8-3 

7*1 

10*2 

Bl 






ON THE RAINFALt OF THE BRITISH ISLES, 


381 . 


(eontimtedy 


ENGLAND AND WALES. 


No. 
of Sta- 
tions. 

Eastern District, 1860-69. 

Jan. 

Feb. 

Mar. 

April. 

May. 

J une. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

I 

5’5 

5’2 

7*6 

4*9“ 

8-4 

7*3 

8-9 

11*84- 

10*3 

10*4 

10*6 

9*1 

34 

8-3 

6-3 

7*9 

5*4- 

87 

8 8 

8*2 

10*1 4- 

9*6 

9*4 

8*6 

87 

26 

96 

6-3 

8-1 

5*6- 

8*0 

8*0 

7*4 

9*1 

9*7 

io*3-f 

8*8 

9*0 

7 

10*4 

69 

7-6 

4-6- 

7*3 

7*6 

7*0 

^•7 

10*4 

ii*i4- 

8*8 

9*6 

2 


67 

7-3 

4*4- 

7*0 

7*4 

61 

8-3 

10*7 

11*54- 

8*8 

10*0 

I 

11 -64* 

9*5 

8 7 

6 2 

5*8 

7*5 

5*5- 

5*6 

85 

10*8 

9*9 

10*4 

Mean ... 


6-8 

7*9 

52 

7*5 

7-8 

7*2 

8-9 

9'9 

10*6 

9*2 

9*5 

(jrovp from the 

mean 

of the district. 








... 

--4-0 

-.6 

- *3 

~ *3 

4- *9 

- *5 

+ **7 

-f-2*9 

+ *4 

— *2 

+ 1*4 

- *4 

• t . 

— 1-2 

- -5 

O'O 

4- ’2 

4'r2 

4-1*0 

4-ro 

4-1*2 

- *3 

— 1*2 

- *6 

- *8 


+ -1 

- -5 

4- -2 

+ *4 

+ *5 

+ *2 

-f *2 

■f ‘2 

— *2 

- *3 

“ *4 

- *5 


+ ’9 

+ *1 

- *3 

- -6 

— *2 

“ *2 

— ‘2 

— *2 

+ *5 

+ *5 

- ‘4 

+ *1 

... 

4-i’8 

— ’I 

— -I 

- -8 

- -5 

- -4 

— ri 

- *6 

+ *8 

+ *9 

- *4 

+ *5 


4-2‘I 

4-27 

4- *8 

4-ro 

-1*7 

“ *3 

-1*7 

-3*3 

-<•4 

+ -2 


■f *9 

SCOTLAND. 

1 





Western District, 1860-69. 




1 No. 













i of Sta- 













lions. 

Jan. 

Feb. 


April. 

May. 

Juno. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

4 

II 8 + 

7*7 

7*3 

s-s 

6*8 

5*6- 

6*3 

8-9 

9*0 

11*0 

9*3 

10*5 

7 

lO’O 

87 

7*3 

5*4- 

5-8 

6-0 

6*2 

10*2 

9-8 

11*2 4- 

9*3 

10*1 

6 

10*3 

9*0 

7-2 

5*4 

5*4 

5*J- 

5*3 

9*6 

9*9 

11*64- 

10*2 

11*0 

5 

io*8 + 

87 

8-0 

5*9 

5*6- 

6*5 

5*9 

9*7 

9*2 

10*3 

9*1 

10*3 

8 

ir8-l- 

8-8 

7-6 

5'8 

5-8 

5*7- 

6-3 

9*3 

9*2 

10*4 

87 

10*6 

3 

ir8-f 

87 

7*4 

5*5 

5*4- 

5*4 

5*7 



10*5 

8*9 

11*5 

1 

127 + 

9*7 

7*4 

5*4 

5*1- 

5*6 

6*2 

8*6 

9*8 

10*2 

8*3 

iro 

I 

1 1*0 

io’9 

6-9 

6*6 

5*6 

5*4- 

5*9 

9*4 

9*0 

9*9 

7*3 

ii*i4- 

3 

11-6 

9 '^ 

7*1 

5*7 

4*9“ 

5*^ 

5-8 

9*0 

9*4 

10*1 

8-9 

13 * 24 - 

2 

10*9 

io'5 

6*0 

5*i- 

5*3 

5*3 

5*4 

9*3 

10*2 

10*6 

9*1 

12*24* 

3 

12*3 

lO'O 

8‘6 

5*4 

4-8- 

51 

5*0 

7-8 

9*5 

10*1 

9*0 

12’4-f 

I 

11-9 

I 2‘8 

7*4 

5*4 

4*5 

6*0 

3*7“ 

6*5 

9*2 

9*8 

9*0 

13 * 84 - 

I 

127 

107 

7*6 

5*^ 

4*5- 

4*7 

5*^ 


9*3 

10*0 

9*0 

i4*o-f 

Mean ... 

11*5 

96 

7*4 

5-6 

5*4 

5*5 

5'6 

m 

9*5 

10*4 

8-9 

11*8 




BBtORT— 1878. 


SCOTLAND. 


TABLE II. 


De^rture of mean percentage for each 


Mean 

Annual 

Fall 

Between 

No. 
of Sta- 
tions. 

Western District, 1850-59 ( continued ), j 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

in. in. 














20- 25 

... 

- -8 

•—•2 

-•3 

+ 1*2 

- ‘3 

+ 1-4 

+ 7 

— ro 

— 2'0 

+ *6 

•fro 

“ ‘3 

25- 30 


- *3 

-•6 

-*8 

- *9 

-fr2 

+ 1-8 

■fi -4 

+ !•! 

4-i'o 

-f -1 

— 2'0 

-r8 

30- 35 


~ 7 

— •I 

+•2 

- ‘3 

- *5 

- *9 

-f -2 

4- '2 

4-ro 

4 - ‘I 

4-ro 

— '2 

35- 40 


- *6 

-•8 

+•1 

- 7 

— *2 

+ ’4 

+ '5 

4 - -I 

-f -4 

+ '7 

+ -5 

- '4 

40- 45 


- 7 

—•2 

— *2 

-fr6 

+ *4 

+ *9 

- *5 

4*r2 

- '6 

- *7 

4- *2 

- 1*4 

45- Jo 


— 1*2 

+ •2 

+ ‘4 

+ -6 

+ *6 

+ *9 

— ’2 

+ *9 

- *5 

- *3 

“ '7 

- 7 

50- 55 


O’O 

-•5 

— I 

- ‘5 

+ *3 

— ri 

+ -5 

4 - -4 

+ *2 

■f *2 

— *2 

-f *8 

55- 60 


... 


... 






... 

... 


... 

60- 65 



... 








... 

... 


65- 70 


+ 1*3 

+•8 

+ ‘4 

+ -2 

— *1 

— I'O 

- 1*3 

- *5 

- *4 

— *I 

- *7 

+ 1*4 

70- 75 

.*« 

+27 

4-*9 

+ •1 

- 1*3 

— ri 

— 2*2 

--r8 

-2'2 

+ *9 

— •! 

■fri 

4 - 3*0 

75 “ *0 


... 

... 

... 

... 

... 

... 

... 

... 

... 


... 

... 

80— 85 

... 


... 

... 


... 

... 

... 

... 

... 

... 

... 

... 

100-105 

... 


... 

... 


... 

... 

... 

... 

... 

... 


... 

Eastern District, 1850-59. 

15-20 

3 

8-4 

5‘4 

5 ' 4 ~ 

7*1 

5'5 

8'2 

9'2 

10*9 

8*6 

ii'8-f 

9*9 

9-6 

20-25 

10 

9*9 

64 

5*5 

5*8 

5-4- 

8-6 

9*4 

9*3 

81 

i2'44- 

9*5 

9*7 

25-30 

7 

107 

68 

62 

6-3 

5 ' 5 - 

87 

91 

9*6 

7*3 

io'9 + 

91 

9'8 

30-35 

5 

10*9 + 

6-6 

7 ’i 

6-8 

6-2— 

8-3 

8-2 

8'6 

8 * 3 _^ 

I0'2 

9*9 

8-9 

35-40 

4 

12*2 + 

7*8 

6'5 

57 

5 ’o- 

7’4 

8-0 

8*7 

7*3 

ir3 

9 'i 

IJ’O 

40-45 

X 

10*2 

8‘o 

5-0 

4 * 8 — 

6-2 

8*8 

ir2 

io'6 

7*3 

lO'l 

6*3 

11 - 54 - 

45-50 

... 

... 

... 

... 

... 


... 

... 

... 

... 



... 

50-55 

... 


... 

... 

... 

... 

... 


... 

... 

... 

... 

... 

55-60 

• •• 

... 

... 

... 

... 


... 

... 



... 

... 

... 

60-65 

... 

... 

... 


... 

... 



... 



... 


Mean... 

... 

io'4 

6-8 

6-0 

6*1 

5*6 

8-3 

9'2 

9*6 

7*8 

in 

9*0 

lO'I 

Departure of mean percentage for each 

15-20 


— 2*0 

- 1*4 

- -6 

-fro 

— *i 

— 'I 

O'O 

4 -r 3 

+ -8 

+ *7 

4. *9 

- *5 

2C-25 


- '5 

- ’4 

- ‘5 

“ *3 

— *2 

+ *3 

+ *2 

- *3 

+ *3 

+ 1*3 

■f *5 

~ *4 

25-30 


+ ’3 

O'O 

+ '2 

+ *2 

— *1 

+ ’4 

— 'I 

O'O 

- *5 

*2 

+ *1 

- *3 

30-35 


+ *5 

— *2 

+ ri 

+ 7 

+ -6 

O'O 

— I'O 

— 1*0 

+ -5 

“ *9 

+ *9 

~r2 

35-40 


+ 1-8 

-fro 

+ *5 

- -4 

- -6 

- *9 

— r2 

- *9 

- *5 

+ ‘2 

•f *1 

4 * *9 

40-45 


— *2 

+ 1-2 

— ro 

- 1*3 

-f -6 

+ *5 

-f 2*0 

4-ro 

- ‘5 

— I'O 

- 2'7 

4-1-4 

45-50 


... 

... 

... 

... 

... 


... 

... 

... 

... 

... 

... 

50-55 


... 

... 

... 

... 




... 

... 

... 

... 

... 

55-60 



... 

... 

... 


... 

... 

... 

... 

... 

... 


60-65 


... 

... 

... 

... 





... 


... 







ON THE RAINFALL Of THE BRITISH ISLES, 


m 


(continued). 

SCOTLAND. 


group from the mean of the district. 


No. 

Western District, 1860-69 (continued). 

of Sta- 













tions. 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Dec. 


+ '3 

-1*9 

— *1 

4 - *2 

4-1*4 

4- *1 

+ 7 

4-**7 

“ *5 

4-“*6 

4- *4 

-1*3 


-1*5 

- ‘9 

— I 

— *2 

4- *4 

+ *5 

4- *6 

4 - 1*4 

4- *3 

4- *8 

4- *4 

-17 


— 1*2 

- *6 

— *2 

— *2 

0*0 

- ’4 

- ‘3 

4- *8 

4- *4 

4 - 1*2 

4-1*3 

- *8 


- 7 

- ’9 

4- *6 

4- *3 

4 - *2 

4 -ro 

4- *3 

4- *9 

- *3 

— •! 

4- *2 

-I'S 


+ -3 

- *8 

4- *2 

4- *2 

4- *4 

4 - *2 

4- *7 

4- *5 

- *3 

0‘0 

— *2 

— 1*2 


4- -3 

- *9 

0*0 

— *1 

O'O 

— *1 

4- *i 

4- *7 

-h *2 

4- *1 

0*0 

- *3 


4 - 1*2 

4- *i 

0*0 

— *2 

- *3 

4- *1 

4- *6 

— *2 

4- *3 

- -2 

— *6 

- *8 


-■ '5 

4-1*3 

- ’5 

4-1*0 

4- *2 

— ‘I 

4- *3 

+ *6 

- *5 

- '5 

— 1*6 

+ *3 


4- *1 

~ ‘5 

- ‘3 

4- *1 

- *5 

- *3 

4- *2 

4- *2 

- 

- *3 

0*0 

+1-4 


- *6 

4- ‘9 

-1*4 

- '4 

— I 

— *2 

— *2 

4- *5 

4- *7 

4- *2 

4" *2 

+ -4 


4- *8 

4- *4 

4-1*2 

— *2 

- -6 

- '4 

- *6 

— I’O 

0*0 

- *3 

4- *i 

+ -6 


4- *4 

4-3*2 

0*0 

— *2 

- *9 

4- *5 

-1*9 

-2*3 

- *3 

- *6 

4- ‘I 

-i-2*0 


4-1*2 

4-m 

+ *2 

- '4 

- *9 

- *8 

- *4 

-1*7 

— *2 

- *4 

4- *1 

-i-2*2 

Eastern District, 1860-69. 

7 

\ 9'6 

e’e 

6*9 

5-8- 

6-8 

6-6 

7-6 

10*9 

9* 

iri4- 

8-8 

9*5 

]6 

lO’I 

7’4 

7*3 

5*6- 

6-4 

6-4 

7*5 

10*2 

9*6 

10-94- 

9*> 

9*5 

II 

10 8 

77 

7'4 

5-6 

5-6- 

6*4 

67 

9*9 

9*4 

11*34- 

8-4 

10-8 

6 

i2‘44- 

7-8 

7*0 

5'3- 

5-6 

6*4 

7*4 

9*9 

8-9 

11*2 

8-0 

10*1 

3 

I3*i4- 

97 

7'i 

5-1- 

5*3 

6-3 

7*9 

10*1 

8*4 

9-8 

7*4 

10-2 

1 

12*74- 

97 

7*6 

5-0 

47- 

6*3 

6-4 

9*9 

86 

10*2 

7*9 

11*0 

2 

... 

131+ 

92 

6-8 

5*8 

4*1- 

i-z 

s'e 

9*4 

9*2 

9*9 

8-2 

12*4 

Moan . . . 

H7 

8-2 

7*2 

5‘5 

5'5 

^•4 

7'0 

10*0 

9*1 

10*6 

8-3 

10*5 

group from the mean of the district. 


— 2*1 

-’r6 

- *3 

4- *3 

4'I*3 

4- ’**2 

4- *6 

4-**9 

4-‘7 

4- *5 

4- ‘5 

—1*0 


-1*6 

- -8 

4- *i 

-f *i 

+ -9 

0*0 

+ *5 

4- *2 

4- *5 

4- *3 

4- *8 

— 1*0 


- '9 

- *5 

4- *2 

-b *i 

4- *1 

0*0 

- *3 

— *1 

4- *3 

4- *7 

4- *1 

4* *3 


4. 7 

- *4 

— *2 

— *2 

4- -I 

0*0 

4- *4 

— *1 

— *2 

4- *6 

- *3 

- *4 


4-1*4 

4-1*1 

— *1 

- *4 

— -2 

— *I 

4- *9 

4- *1 

- *7 

- *8 

~ ‘9 

- *3 


4-1*0 

+i’5 

4- *4 

- *5 

- *8 

— *1 

- -6 

— *1 

- *5 

- *4 

- *4 

+ -5 


4-1*4 

4-ro 

- -4 

4- *3 

-1*4 

— *1 

-1*4 

... 

- *6 

4-**i 

- *7 

— *1 

4-1*9 





m 


JIBPOET— 1873 , 


TABLE II. 


IRELAND. 


Mean 

Annual 

Fall 

Between 

No. 
of Sta- 
tions. 

WEsmN District, 1850 - 59 . 

Jan, 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

in. in. 






1 








30-35 

... 


... 


... 



... 



... 

... 

... 

35-40 

3 

11*2 4 - 

6*9 

6-8 

7*5 

6 - 3 - 

84 

8*2 

8-9 

7*4 

9*2 

8*6 

10*6 

40-45 

... 




... 


... 




... 


... 

45-50 


... 




•• 

... 




... 



Mean.., 


11*2 

6*9 

6*8 

7’5 

6-3 

i 8-4 

8*2 

8*9 

7‘4 

9*2 

86 

10*6 









Departure of mean 

percentage for each 

30-35 

... 

. . 

... 


1 

... 



... 

I ’** 

... 

... 


35-40 


0*0 

0*0 

0*0 

0*0 

00 

0*0 

0 0 

0*0 

0*0 

0*0 

0*0 

0*0 

40-45 

... 

... 




... 

... 

** 

... 


... 

... 

... 

45-50 

... 

... 

... 

... 


... 



... 

... 

... 







Eastern District, 1850 - 59 . 





20-25 

2 

9’3 

5 ’ 5 “ 

6*2 

7*9 

8*1 

io'3+ 

9*0 

8-4 

8*0 

9-6 

97 

8*0 

25-30 

2 

9*8 

5 - 3 -: 

6*0 

8*8 

8-0 

9*84- 

9*6 

77 

7-9 

9*6 

87 

8*8 

30-35 

2 

11 * 5 + 

8*0 

6*7 

8*1 

6*0— 

77 

8-5 

9*2 

7*2 

8'5 

84 

10*2 

35-40 


... 



... 

... 


... 


... 

... 



40-45 


... 

... 

... 

... 


... 


... 

... 

... 

... 


Mean... 


10*2 

6*3 

6*3 

8-3 

7-4 

93 

9*0 

8-4 

77 

9*2 

8-9 

9*0 

Departure of mean percentage for each 

20-25 


- *9 

- -8 

- *1 

- '4 

+ *7 

4-ro 

0*0 

0*0 

+ ’3 

4 - *4 

4- *8 

-ro 

25-30 


- ‘4 

-ro 

" -3 

+ -5 

+ -6 

+ *5 

4" *6 

- 7 

4 - *2 

+ '4 

- *2 

- *2 

30-35 


+ 1-3 

+J 7 

4 - *4 

- *2 

- 1*4 

-1*6 

“ *5 

+ -8 

“ '5 

- 7 

- ‘5 

4 - 1-2 

35-40 


... 

... 



... 

... 

... 

... 

... 

... 



40-45 


... 



... 

... 

... 


... 

... 

... 

... 

... 
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{continued}. 


IRELAND. 


No. 




"WESTEiuf Disteict, 1860-69. 




of Sto- 













tions. 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Dec. 

I 

i3'»+ 

57 

9*3 

5‘i-“ 

7*3 

57 

5*3 

8*6 

8-4 

9*4 

9*5 

12*5 

% 

127 + 

6*2 

87 

5-5- 

6*2 

6*2 

el 

9*1 

~Te 

9*3 

9*4 

11*3 

X 

10*2 + 

81 

8-8 

6 ‘o— 

6*9 

67 

6*1 

9*6 

9*7 

10*0 

9*1 

8-8 

Mean . . . 

I 2‘0 

67 

8-9 

5*5 

6-8 

6*2 

6*1 

9*1 

8-9 

9*6 

9*3 

10*9 

yroujj from the mean of the district. 

... 

-frz 

-ro 

+ '4 

- ‘4 

+ 7 

- *5 

- *8 

- ‘5 

- *5 

-- *2 

4- *2 

+ 1-6 

«•! 

-1-7 

~ *5 

— *2 

O’O 


0*0 

+ *7 

0*0 

- *3 

- *3 

4-~i 

4- *4 


-r 8 

•fr4 

“ 

+ -5 

+ -I 

+ -5 

0*0 

+ 7 

4* *8 



+ *4 

- *2 

— 2*1 

Eastjiiin District 1860-60. 

2 

10*4+ 

5-8 

9*0 

57- 

8'2 

7*6 

fi's 

9*9 

8*8 

io'4+ 

8-4 

9*3 

I 

iro-f 

7-2 

91 

6 '2-- 

7*3 

6-5 

67 

9*9 

7'8 

10*2 

9*4 

87 

2 

10-5 

67 

87 

5-8- 

77 

7*0 

7’3 

9-8 

8*2 

10*74- 

87 

89 

I 

i3'o+ 

7-6 

97 

5*0- 

6-9 

7*1 

5*6 

7*8 

7*4 

10*8 

87 

10*8 

Mean ... 

11*2 

6*8 

9*1 

57 

7*5 

7*1 

6-5 

9*4 

8’i 

10-5 

87 

9*4 

roup from the 

mean of the district. 








... 

-"•*8 

— VO 

— •! 

0*0 

+ *7 

+"•5 

0*0 

+ *5 

+"7 

- *1 

• •1 

- *3 

— *1 


— ‘2 

■f *4 

0*0 

+ '5 

- 

- -6 

+ ’2 

+ 7 

“ *3 

- *3 

+ 7 

- *7 

• • » 

- 7 

- *1 

“ *4 

-f- *1 

+ '2 

— •! 

+ *8 

+ *4 

+ •! 

4- *2 

0*0 

- *5 

... 

+r8 

+ *8 

+ '6 

- *7 

*6 

0*0 

- *9 

-1*6 

- *7 

+ *3 

- *4 

+ 1*4 
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EEPOIIT— 1873 . 


TABLE III.-MONTHS IN WHICH THE MAXIMUM 




Mean Annual Fall 

j 15-20 

20-25 

25-30 

30-35 

35-40 

40-45 

45-50. 

50-55 

55-co. 




/.Western .. 


Oct .. 

Oct .. 

Oct .. 

Oct... 

Jan. .. 

( 1 

Jan... 

Jan. .. 




r 


[ Oct J 


ns 

C 

1850-59' 

Central 

1 

Angus 

Oct .. 

Oct. 









^;Eastern .. 

July... 

Oct. . . 

Oct.. 

Oct .. 

Oet. 






G 

j 

Western .. 

Sept. . 

Augu.st 

Sept. . 

Oct. . . 

Oct .. 

Jan. ... 

Oct 

Dec... 

Dec.... 



^ 1860-69 -j 

Central .. 

xUlgUS 

August 

Sept. . 

Sept. . 


Oct ... 

Oet 

Oct, 











Eastern ... 

August 

AugusI 

Dec.... 

Oct ... 

Jan..,. 

Oct .. 

Oct. .. 



Jan. 





Western ... 

Dec. ... 

Dec. . . 

Jan.... 

Dee 



eS 

8 


'■1850-59 ■ 

Eastern ... 


Oct ... 



1 

1 

1 

Oct ... 

Oct ... 

Jan... 

Jan.... 

Dec. 




I' 

8 


Western ... 



Jau. ... 

Oct .. 

Oct. . . . 

Jan. ... 

Jan 

Jan. ... 

Jan. 

1 



^ 1860-69 j 






Eastern . . . 


Oct ... 

Oct ... 

Oct .. 

Jan. 

Jan... 

Jan 


‘ 



r 

Western ... 


Jan. 



i 


'i 

r 1 850-59 











Eastern ... 


June .. 

Juno.. 

Jan. 







§ j 










£ 

r 

Western ... 




Jan. ... 


Jan 

J 




H 

^ 1 860-69 1 

Eastern . . . 



fJan.l 

Jan. ... 

Oct ... 

Jan, 










(Oct j 






/ 

Western ... 


Feb. .. 

Feb.... 

Marcli 

May... 

May... 

May 

May . . . 

May... 









ns 

s 

Q 

W 

r 1850-59 J 

Central ... 

Feb.... 

Feb.... 

Feb. 








1 

Eastern ... 

Feb.... 

Feb.... 

Feb.... 

Feb.... 

Feb. 






• f 

Western ... 

April . 

April . 

April . 

April . 

April . 

April . 

April .... 

April . 

April . 



^ 1860-69 ■( 
1 

Central ... 

Eastern ... 

April . 

April . 

April . 

April . 

April . 

April . 

April . 

April . 

April , 

April . 

April 

April. 

July. 











r 

Western ... 


May... 

April . 

May... 

May , . . 

May... 

May 

May... 




'1850-59 










§ 

ns 

n 

Eastern ... 

March 

May... 

May... 

May... 

May... 

April. 





J 

Q 











1 

' 

Western 



June.. 

April . 

June . . 

May... 

June 

May... 

May . . . 


1860-69 ■ 



April . 

MUJf ... 









Eastern ... 


April . 

May... 

April . 

April . 

May ...... 














Western ... 1 





M 







'1850-59 



Peb.... 








ns 

Eastern ... . 


Feb.... 

May. 







.s 










H 

r 

Western ... , 




April . 


April . 

Ap 




^ 1860—69 1 




April . 

April . 




April . 

April. 




i 

jEastern ... < 







T 
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and minimum eainpall usually occur. 


60-65. 

65-70. 

70-75- 

75-80. 

00 

? 

00 

85-90. 

90-95. 

95-100. 

100-105. 

125-130. 

150-155. 

Jan. ... 


Jan. ... 







Jan. 

Dec. 

May. 

i 

Jan. ... 









Dec.... 

Jun, 

May . , . 

Dec.... 

Doc.... 

Dec. 

Dec.... 

May... 

Dec.... 

Doc.... 




Dec. 






1 

May... 









June . . 

May. 

May... 

May... 

May, 

April . 

May... 

July... 


1 


May, 


j ... 

I 
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KEPORT — 1873 , 


TABLE IV.-ABSTEACT OF TABLE HI. 



Owing to double maxima occurring in the Western District of England in the group 
with mean rainfall 45-50 in. in 1850-59, and in the Eastern District of Ireland with mean 
rainfall 25-30 in. in 1860-69, it will bo found that tJiere are 91 entries of maxima against 
89 of minima. 


Total. 
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TABLE IV. {continued). 





Jan. 

Feb. 

Mar. 

April. 

s? 

June. 

3 

ei) 

3 

Ph 

(L 

aj 

4-5 

o 

o 

> 

o 

Dec. j 

Total. 



/ 

Western ... 


2 

I 


8 








II 





















Central ... 


3 

... 










3 


















{ § 

w 

1 

Eastern ... 


5 

... 

... 

... 




... 

... 

... 


5 



nd 

1 


Western . . . 


... 


I 

8 

... 


... 



... 

... 

9 


rH 

8 1 


Eastern ... 



1 

I 

4 



... 


... 



6 



•XJ 

i . 


Western ... 


... 

... 

... 

I 







... 

I 



£ 


Eastern ... 


2 


... 

I 

... 



... 

... 



3 




Percent... ... 


5‘3 

5-3 

57*9 

1 






38 




1 





! 







s 










‘S i 
























Western ... 



9 

2 1 

i i 





I* 



G 







i 









J 

tuD 


Central ... 





7 

1 

1 1 





1 7 











1 









w 


Eastern ... 




5 


... j I 






6 


05 





i 


1 








i ' 



Western . . . 



! 

2 

6 

4 

1 





IS 



o 

& 

. 

Eastern ... 

... 



4 

3 


’ 






7 


i 1 


Western ... 




3 









3 


S i 



















Eastern ... 




4 

••• 








4 



Per cent ... 

( 

1 


... j ... 

66*8 

21*6 

7-8 

3-8 






SI 


Owing to double maxima occurring in the Western District of England in the group 
with moan rainfall 45-50 in. in 1850-59, and in the Eastern District of Ireland with mean 
rainfall 25-30 in. in 1800-69, it will bo found that there are 91 entries of maxima against 
69 of minima. 


1873. 


TJ 




-Comparisoii of Percentages in different Decades. 
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BEPORf — 1873 . 


EXAMINATION OE 


Beferenoe 

number. 

Date of 
examination. 

COUNTY. 

Stition. 

a 

0 , 

•43 0) 

Maker’s name. 


Height of 
gauge. 

OWNER 

Observer, 

IS. 

§■3 

0 


Above 

ground. 

Above 

sea- 

level. 

425. 

GO 

CHESHIRE. 

Bidstone Observatory, 
MEESEY HARBOUR BOARD. 

J. Hartnup, Esq. 

X. ^ 

Negretti & Zambra 

9 a.m. 

ft. in. 

0 6 

feet. 

182 

426. 

Sept 21. 

CHESHIRE. 

I. 

Adie 

month- 

0 8 

182 

Bidstone Observatory, 
MERSEY HARBOUR BOARD. 

J. Hartnnp, Esq. 


ly- 


427. 

Sept 22. 

DERBYSHIRE. 

Willersly Gardens, Matlock. 

P. ARKWRIGHT, ESQ. 

Mr. Tksington. 

III. 

Home & Thorno- 
thwaiie. 

9 a.m. 

I 0 

440 

42S. 

Sept 22. 

DERBYSHIRE. 

III. 

Anon 





Matlock Bath. 

R. CHADWICK, ESQ. 

R, Chadwick, Esq. 





420. 

Sept. 26. 

DERBYSHIRE. 

III. 

Anon 

9 am. 

5 0 



Alderwaslv Hall. 

A. F. HURST, ESQ. 

Mr. Greemnood. 


pre- 

ceding. 


430. 

Sept 27. 

DERBYSHIRE. 

III. 

Anon , 

month- 

I 6 

488 

Stancliffe Hall. 

SIR J. WHITWORTH, F.R.S. 
Mr. Dawson. 


ly- 



431. 

Sept. 30. 

DERBYSHIRE. 

X. 

Cj^sella 

|8t 

each 

month. 

T fi 

1620 

Axe Edge. 

E. J. SYKES, ESQ, 

E. J. Sykes, Esq. 



432. 

Sept. 30. 

DERBYSHIRE. 

X. 

Casella 


5 0 


Devonshire Hospital, Buxton. 

E. J. SYKES, ESQ. 

E. J. Si/kes, Esq. 


9 a.m. 

1003 

433 - 

Sept. 30. 

DERBYSHIRE. 
Devonshire Hospital. 

E. J. SYKES, ESQ. 

E. J. Sykes. Esq. 

VIII. 

Marshall 




434 - 

Oct. 4. 

DERBYSHIRE. 
Chatsworth, The Gardens. 

THE DUKE OF DEVONSHIRE, 
Mr. Speed, 

VIII. 

Marshall 

9 a.m. 

6 3 

404 

435 - 

Oct. 4. 

IDERBYSHIRE. 

III. 

Anon 

9 a.m. 

A 0 

692 


Stonoy Middleton. 

REV. If RBAN SMITH. 

Rev. Urban Smith. 

A . 
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EAI]!^-(}ATJGES (continued from Brit Assoc. Eep. 1870, p. 228). 


hjj 

Equivalents of 
water. 

Error at Azimuth and an- 
scale-point gular elevation of 

al S 

i^a 11 

p 

Scale- 

point. 

Grains. 

specified in objects above 
previous mouth of rain- 
column. gauge. 

in. 

in. 


in. 

7'99 

*1 

1260 

4- '00 1 S.W. Observatory 

8*02 

*2 

2520 

-f‘002 30 °. 

8'oo 

*3 

3755 

+*004 

8-00 

■4 

5050 

•f *003 

M 8*003 

*5 

6320 

+•003 

3‘32 



Observatory Dome 

3'35 



S.W. 30 °. 

3'35 








M 3*340 




5'98 

*1 

680 

-f-005 

6*00 

*2 

1390 

4-’oo6 

6*02 

*3 

2100 

-{-■006 

6*02 

•4 

2830 

-f*oo4 

M 6*005 

•5 

3580 

4- '010 

5*05 

•| 

480 

•4*003 Clear from W 

4'94 

*2 

970 

4- *004 through S. to E. 

4 - 9 « 

•3 

1470 

4- ‘00 3 Trees E. by N. 

5*02 

‘4 

1950 

4- ‘006 to W. 73 °. 

M 4*998 

’5 

2460 

+'003 

5*01 

•I 

480 

-|-*oo3 S. Apple 30 °. 

5*00 

*2 

960 

-f *006 

5*00 

•3 

1460 

4 -‘ oo 5 


•35 

1700 

4- *007 

n.. 

M 5*000 




5*02 

*1 

490 

-f*ooi Quite clear. 

4*98 

*2 

970 

-f *004 

5*00 

•3 

1475 

4- ‘002 

5*00 

■4 

1970 

+*003 

M 5*000 

•5 

2465 

4- *003 

7-93 

•I 

1320 

•- *004 Quite clear. * 

8*04 

*2 

2570 

— *003 

8*00 

■3 

376c 

-f *003 

8*00 

*4 

5050 

4- ‘001 

M 7*993 

*5 

6340 

correct. 

7-93 

*1 

1320 

— *004 Hospital N.W. ' 

8*03 

•2 

2570 

—•003 2 l)°. Clear in 

8*00 

*3 

3760 

4- *003 all other dircc- 

^‘99 

•4 

5050 

-{-*001 tions. 

M 7*988 

•5 

6340 

— *001 


*i 

1240 



*2 

2500 



•25 

0.1 

0 

0 


8*00 

•I 

1240 

4- '003 Quite open. 

8*03 

*2 

2500 

H~*co 4 f, 

8*00 

•3 

3750 

4**005 01 

8*00 

•4 

4960 

4-*oio 

M 8*008 

*5 

6250 

4- *009 (). 

5*03 

•I 

480 

4-'oo3 0 

4 ’ 9 S 

*2 

970 

4-'oo4 

5 ’02 

■3 

1470 

4- *004 

4*98 

•4 

1970 

-f‘003 

M 5-002 

•5 

2470 

4- *002 


Remarks on position &c. 


ston Hill, near summit, and 
N.E. of the Observatory. 


completed, but measuring- scale 
correct, and cylinder believed to 
be true. 

In kitchen garden, clear open 427. 
space, ground level for some 
disianee. 


garden and grounds rise in rapid ter- 
races and are thickly wooded. I could 
not see any better position. 

lu garden west of the hall. ^ 


This gauge was fixed in a wooden 
frame which surrounded the funnel, 430. 
and was not sufiiciently below it to bo 
free from liability to produce insplash- 
ing. I left instructions that it should 
be lowered 4 inches. On large law'n 
N.W. of Rail. 

On the level surface of the moor, 431. 
about 000 feet above Buxton, 
and 3 miles S.W. of it. The posi- 
tion is extremely ex2)oscd. 


the Hospital grounds, near the 
centre of Buxton. Position good, 
and gauge in good order. 


of inspection, but subsequently 
repaired and used at Poole’s 
Cavern, Buxton. 

On post in kitchen garden. This gauge 


w^all running N.N.W.-H.8.E., at about 
8 ft. from the gauge. Mr. Smith states 
that his place is so exposed and windy 
that this partial shelter is beneficial, 
which seems probable. 
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REPORT — 1873 . 


EXAMINATION OF 


S »: 

Date of 
examination. 

COUNTY. 

Station. 

§ . 

•S §> 

Maker’s name. 

0 ^ 

Height of 
gauge. 

P '2 
§3 B 

OWNEH. 

Observer, 

go 

0 

.§ « 

Above 

ground. 

Above 

sea* 

level. 


187c. 





ft. in. 

feet. 

43«- 

Oct. II. 

1871. 

MIDDLESEX. 

Camden Square. 

\G. J. SYMONS, Esq. 

G. Simons, Esq, 

VI. 

Crosley 

9 a.m. 
Ist 

4 0 


437- 

438. 

Aug. 10. 

Aug. 17. 

EDINBUEGH. 

Dalkeith Gardens. 

DUKE OF BUCCLEUCH. 

Mr. Dimn, 

PEETHSHIEE. 

Bollracks, Abe-rfeldy. 

J. F. WYLLIE, ESQ, 

J. F, Wyllie, Esq. 

I. 

I. 

Bryson 

Anon 

9 a.m. 

Ist 

each 

month. 

0 6 

0 6 

183 

439- 

Aug. 13. 

INVEENESS. 

Culloden House. 

A. FOBBES, ESQ, 

A. Forbes, Esq. 

IV. 

Adie 

8 a.m. 

3 0 

8z 

440. 

Aug. 29. 

YOEKSHIEE. 
Scarborough Crystal Garden. 

DR. FOX. 

Mr. Wahkam. 

XII. 

Casella 

10 a.m. 

I 0 

102 

441. 

Aug. 30. 

DUEHAM. 

Darlington, Southend Gardens. 

J. PEASE, ESQ. 

Mr, Richardson. 

X. 

Ncgretti AZambra 

9 a.m. 

0 0 

140 

442. 

Aug. 30. 

DUEHAM. 

Darlington, Southend Gardens. 

J. PEASE, ESQ. 

Mr. Richardson. 

XII. 

Casella 

9 a.m 

0 8 

1 

1 140 

443 - 

Aug. 30. 

DUEHAM. 

Darlington, Southend Gardens. 

J. PEASE, ESQ, 

Mr. Richardson. 

See 
Fig. ! 

Anon 

9 a.m. 

1 

0 6 

140 

444. 

Aug. 31. 

YOEKSHIEE. 

York, St. Mary’s Abbey. 
YORKSHIRE PHIL, SOC, 

Mr. Wahjield. 

VII. 

Anon 

10 a.m. 

0 6 

30 

445 - 

Aug. 31. 

YOEKSHIEE. 

Y’ork Museum Eoof. 
YORKSHIRE PHIL. SOC. 

Mr. Wakefield, 

VII. 

Anon 

1 

ioa.m. 

43 « 

73 

446. 

Sept. I, 

1 

yOBKSHIRE. , 
Ilawsker Garden, Whitby. 
REV. F. W. STOW. 

Rev. F. W. Stow. 

f 

See fig. 

Casella 

9 a.m. 

1 0 

340 
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EAm-GAUGES (continued). 


Diameters 

(that 

marked 

M = mean). 

Equivalents of 
water. 

Error at 
scale -point 
specified in 
previoiLs 
column. 

Scale- 

point. 

Grains. 

in. 

in. 


in. 

9-98 

.1 

2515 

correct. 

10*02 

*2 

5050 

correct. 

lO'OO 

•3 

7570 

correct. 

10*00 

'4 

loooo 

+ *004 

H 10*000 

•5 

12500 

+ *005 

3*12 

1*00 

2000 

+*021 

3-15 

*•55 

3000 

4-’oi8 

3‘i3 

2*06 

4000 

+■033 

3*16 

2*58 

5000 

+*024 

M 3*140 

3*09 

f 000 

+•025 

13*00 

4 *6 i 

9000 

+*013 

i3'25 




i3’^5 




13*12 




M13155 




6*72 

•125 

IIIO 

-|-•002 

6*71 

•192 

t66o 

-f *007 

6*76 

•243 

2160 

-|-*002 

6 71 

*308 

2660 

4-'0I2 

M 6*725 




4-98 


490 

4-'ooi 

5*00 

*2 

980 

-f-*002 

5*02 

•3 

1480 

-f ‘COI 

4*98 

■4 

1980 

correct. 

M 4-995 

‘5 

2480 

— *001 

8*00 

■I 

1250 

-f *001 

8*00 

•234 

3000 

— *002 

8*00 

*4 

5000 

-f*oo6 

8*00 

1 "5 

1 6270 

-f-*oo6 

M 8*000 

i 

1 


5*00 

•I 

505 

— *003 

4*98 

*2 

1020 

— •008 

4-98 

•3 

1 >5'5 

— •009 

4*93 

•4 

1 2010 

— •010 

M 4*973 

•5 

2510 

— *012 

8*04 

*1 

1250 

+*004 

8*10 

•234 

3000 

-4- *002 

8*10 

•4 

5000 

+•014 

8*08 

■5 

6270 

-|-*oi6 

M 8*o8o 




10*09 

*1 

2600 

correct. 

io’3i 

•2 

5°5o 

4- *005 

9-98 

•302 

7575 

-h*OII 

10*22 

■39 

10100 

+ *002 

Mio*i5o 

•486 

12625 

— •005 

9*98 

•I 

2600 

— *003 

10*05 

*2 

5050 

correct. 

10*00 

•302 

7575 

+ *002 

9*97 

•39 

lOIOO 

— *010 

Mio'ooo 

•48 

12625 

— ’020 

5*00 

*1 

495 

correct. 

5*01 

*2 

975 

+*004 

5*00 

‘3 

1460 

+ *005 

5-00 

•4 

1980 

+•001 

M 5*003 

•5 

2460 

+•004 


Azimuth and an- 
gular elevation of 
objects above 
mouth of rain- 
gauge. 


E.N.E.Hou8c30°. 


A second, or chock-gauge, not 
found reliable, although accu- 
rate in construction. 


W. Trees 38^ 
S.W. „ 22°. 

8 . „ 5 ^ 


W.S.W. Ai)i)lc2()^. 
:N.E. „ 32°. 


N. House 30°. 
8.W. Trees 43°. 


N. Elm 40°. 
N.E. „ 28°. 

N.W. „ 33°. 


Remarks on position &o. 


11 

il« 



S.W. Sycamore 
44°. 

N. Chest nut 46°. 


W. House 48°. 

5.5. W. Trees 30°, 

5.5. E. Trees 25°. 
N. Trees 26°. 


This is not the old Dalkeith pange, of 
which the fate is unknown, but a com- 
l>aratively modern one, on a grass- 
]»lot, which at the above date had 
been allowed to grow too long ; level 
ground and good position. 

A very bad gauge, wofiilly out of 
order, very unsteady, not level, 
and so generally unsatisfactory, 
that it was not thought worth 
while to test its precise error. 
This position, though good, was not that 
which it was interidi'd should even- 
tually be occupied by the principal 
gauge at this station, as Mr. Forbes 
contemjilated railing off a portion of 
the park expressly for meteorological 
a]iparatus. 

In nursery garden sloping to south. 
I urged that the gauge .should bo 
shifted a little to N.E. to got 
more away from the trees, which 
was agreed to. 

|Fair position, near the bottom of a 
rather flat valley. 

Close to No. 441 . This gauge 
— ^ has a very flat rim. 

Close to 441 and 412. This is an 
experimental gauge, of the re- 
markable pattern shown m the 
annexed figure. Funnel, 8 in. 
diameter, circular, nm vertical 
and ^ in. deep; funnel scarcely 
falling at all to centre, not more 
than I inch : a, a rim falling 
loosely over ; b, a tin cylinder to 
keep funnel in place. 
iNeithor this nor the following gauge 
were regularly attended to at the time 
of this examination ; but it was pro- 
mised that they should be in future. 
The former was in an enclosed part of 
the ruins of St. Mary's Abbey, the 
latter on the roof of the Museum of 
theYorkshire Philosophical ^ 

Society — the position, in 
fact, occupied in 1836 by 
one of the experimental 
Gauges used by Prof. Phil- 
lips. ^ . 

This guage was of unpainted 
sine, and had a 3-inch deep 
snow-collecting rim, as per 
sketch. 



436 


437- 


438. 


439- 


440, 


441 


442, 


443 


444, 
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EEPOBT— 1873 . 


EXAMINATION OF 


s 

g 

tw • rj 

COUOTY. 

Station. 

§ . 
1 80 
2 § 


c 

Height 
of gauge. 

£•5 

jg R 

fSSP 

^ .s 
^ s 

lU 

owmn. 

Observer. 

R 

0 0 

0 

Maker s name. 

11 

Above 

ground. 

Abve 

sea- 

level. 

AAn 

1871. 

YOKKSHIRE. 

IV, 



ft. in 
^ 3 

feet. 



Hawsker Garden. 

BEV, F. W. STOW, 

Bev. F. W. Stow. 




34 ° 

448. 

Sopt. I. 

YORKSHIRE. 

Hawsker Paddock. 

BEV. F. W. STOW, 

Bev. F, W. Stow. 

SeeNo. 

446. 

Casclla 

9 a.m. 

I 0 

335 

449 - 

Sept. I. 

YORKSHIRE. 

Hawsker Paddock. 

BEV. F. W. STOW. 

Bev. F. W. Stow, 

See No. 

446. 

Casclla 

Mon- 

thly. 

I 0 

335 

4 SO. 

Sept. I. 

YORKSHIRE. 

Hawsker Exp. Field. 

BEV F. W. STOW. 

Bev. F. W. Stow. 

See No. 
446. 

Casella 

9 a.m. 

I 0 

428 

4 SI* 

Sopt. I. 

YORKSHIRE. 

HaVvsker Exp. Field. 
COLONEL WABd. 

Bev. F. W, Stow, 

III. 

Casella 

9 a.m. 

I 0 

428 

45 ^- 

Sopt. I. 

YORKSHIRE. 

Hawsker Exp. Pleld. 

BEV F. W. STOW. 

Bev. F. W. Stow. 

SeeRe- 
[ marks. 

i 

Anon 

9 a.m. 

10 0 

43S 

453 - 

Sept. I. 

YORKSHIRE. 

Hawsker Exp. Field. 

BEV F. W. STOW, 

Bev. F. W. Stow. 

See Re- 
marks. 

Anon 

9 a.m. 

10 0 

438 

454 - 

Sept. i. 

YORKSHIRE. 

Hawsker Exp. Field. 

BEV. F. W. STOW. 

Bev. F. W. Stow. 

Sec Re- 
marks. 

Anon 

9 a.m. 

S 0 

433 

455 - 

Sept. 1. 

YORKSHIRE. 

Hawsker Exp. Field. 

BEV. F. W. STOW. 

Bev, F. W. Stow. 

XII. 

Casella 

9 a.m. 

I 0 

428 

45 ^' 

Sept. j. 

YORKSHIRE. • 

Hawsker Exp. Field. 

BEV. F. W. STOW', 

Bev. F. W, Stow. 

X. 

Casella 

9 a.m. 

I 0 

428 

457 « 

Sept. I. 

YORKSHIRE. 1 

Hawsker Exp. Field. 

BEV. F. W. STOW. 

Bev. F. W, Stow. 

f 

See Re- 
marks. 

Anon 

9 a.m. 

I 0 

428 
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BAIJ^T-GAUGES {continued). 


Diameters 

(that 

marked 

M=mean). 

Equivalents of 
water. 

Error at 
scale-point. 

Azimuth and an- 
gular elevation of 
objects above 
mouth of rain- 
gauge. 

Scale- 

point. 

Grains. 

specified in 
previous 
column. 

in. 

in. 


in. 


ir86 

*1 

2850 

correct. 


I2’I2 

'2 

5780 

— *003 


12*00 

•3 

8568 

correct. 


12*00 

■4 

11435 

— '001 


Mr 1*995 

•5 

14280 

— 'OOI 


5-01 

'I 

495 

correct. 

All objocifl under 

5*00 

'2 

975 

-f ‘004 

20“. 

5*01 

‘3 

1460 

“f-’oo6 


5*00 

•4 

1980 

4- ’OOI 


M 5*005 

•5 

2460 

4-'oo5 


5-01 

•I 

495 

correct. 


4*98 

*2 

975 

+•003 


5*01 

■3 

1460 

-f*oo5 


5 ‘00 

•4 

1980 

correct. 


M 5-000 

•5 

2460 

-f'004 


5*01 

*I 

495 

correct. 


5 ’00 

*2 

975 

-h'003 


5*00 

•3 

1460 

+•005 


4*99 

•4 

1980 

correct. 


M 5-000 

'5 

2460 

+'004 


1-00 

*i 

20 

correct. 


I '00 

•2 

39 

+•005 


I-OI 

•3 

58 

-h’OIO 


roi 

•4 

78 

-f’OIO 


10 

0 

p 

•5 

98 

-f 'OIO 


3-00 

'I 

180 

correct. 


3-00 

‘2 

358 

correct. 


3*01 

! *3 

539 

— 'OOI 


3 '00 

•4 

718 

— 'OOI 


M 2*00-^ 

•5 

894 

correct. 


3 '00 

*1 

180 

correct. 


2-99 

*2 

358 

correct. 


3*02 

•3 

539 , 

— •OOI 


3 "00 

•4 

718 

— 'OOI 


6 

0 

•5 

894 

correct. 


3-02 

*1 

180 

— 'OOI 


2-98 

*2 

358 

correct. 


3*00 

•3 

539 

— '002 


3*00 

■4 

718 

— *002 


uo 

d 

0 

0 

*5 

894 

— •OOI 


3 ‘CO 

*i 

180 

— •OOI 


3*00 

*2 

358 

correct. 


3'oo 

'3 

539 

— '002 


3*00 

•4 

718 

— '002 


M 3 '000 

•5 

894 

— *001 


8'oo 





8'oi 

*2 

2560 

— *002 


8*00 





, 7’99 

.4 

5050 

-f '002 


M 8 '000 





3*00 

*1 

iSo 

— •OOI 


2'99 

*2 

358 

correct. 


3’oo 

•3 

539 

— '002 


3'oi 

‘4 j 

718 j 

— •002 


M 3'ooo 

•5 ! 

894 ! 

— 'OOI 



Remarks on position &c. 


This fjaugo was formerly used at 
Red Hall, near Leeds, and sub- 
sequently at the Knoll, Ripon. 
Its present position, near No. 
446, was rather too sheltered. 
Similar to No 446, but in a more 
open position, 


Close to, and similar to No. 448 ; 
blit read monthly instead of 
daily. 


Similar to No 44fi, except that the snow- 
funnel IS fi inches deep. This and the 
following gauges, Nos. 450 to 457 in- 
clusive, were in a railed enclosure in 
a high and exposed field, along with a 
large number of previously tested 
gauges. A ground-plan of the arrange- 
ments, general view of the same, and 
detailed engravings of the instruments 
have been published m ‘ British Rain- 
fall,' 1871. 


This and No. 453 formed the pair of 
gauges, the former with the orifieej 
horizontal, and the latter with it ver- 
tical and rotated by a vane, for deter- j 
mining the angle of ram falling at 
10 feet above the surface. 


The vertical-mouthed portion of 
the two-mouthed gauge at 5 feet. 


The vertical-mouthed portion of 
the two-mouthed gauge at I ft. 


T 


449 - 

450. 

451 . 

452 . 

453. 

454 - 

455 . 

456. 

457 ’ 
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EXAMINATION OF 


(2 i 

P 3 

« 4 -l 0 

COUNTY 

Station. 

c 

0 . 

18, 

S a 


^ tiD 

Height of 
gauge. 

O 

•ii § 

|.s 
^ i 

0 

OWMIi. 

Observer. 

B 

0 0 

0 

Maker’s name. 

0 w 

si 

S £ 

Above 

ground. 

Above 

sea- 

level. 

458. 

1872. 
Aug. 19. 

SUSSEX. 

Brighton, Ooldstone Bottom.^ 
BUIGHTON COnBOliATlON. 
Mr, Barker , 

XII. 

Casella 

9 a.m. 
pre- 
ceding. 

ft. in. 
0 10 

feet. 

140 

459 - 

Aug. 20, 

SUSSEX. 

Brighton, Buckingham Place. 

F. E. SAWYEB, Et^Q. 

F, E. Sawyer^ Esq. 

III. 

Rowley 

9 a.m. 
pre- 
ceding. 

I 2 

200 

460. 

Aug. 24. 

SUSSEX. 

Beachy Head. 

MISS W. L. HALL. 

Miss W. L. Hall. 

XII. 

Casella 


I 6 

530 

461. 

Aug, 24. 

SUSSEX. 

Beachy Head. 

MISS n: L. HALL. 

Miss W. L. Hall. 

XIT. 

Casella 


I 6 

530 

02. 

Aug. 26. 

SUSSEX. 

Cemetery, Eastbourne. 

MISS W. L. HALL. 

XII. 

Casella 

9 a.m. 
pre- 
ceding. 

4 0 

370 

463. 

Aug. 27. 

SUSSEX. 

Perensey Road, Eastbourne. 
MISS W. L, HALL. 

Miss W. L. Hall. 

XI. 

1 Negrctti AZambra 

1 

1 

10 a.m.l 

1 

1 

1 

1 

3 0 

25 

464. 

Aug. 27. 

SUSSEX. 

' The Hollies, Hastings. 

A. H. WOOD, ESQ. 

A. H Wood, Esq. 

X. 

1 

I Negrctti AZambra 

9 a.m. 
pre- 
ceding. 

3 0 

ICO 

465. 

! Aug. 28. 

SUSSEX. 

Walleend Cottage, PoTonsey. 

M. VIDLKll, ESQ. 

M. Vidkr, Esq. 

X. 

Negrelti AZambra 


4 0 

10 

466. 

Aug. 28. 

SUSSEX. 

Pevensey Vicarage. 

HEV. H. BROWN. 

Rev. H. Brown. 

X. 

Negretti AZambra 

9 a.m. 
pre- 1 
ceding. 

1 0 

*5 

467. 

Aug. 29. 

SUSSEX. 

Court Farm, Falmer. 

R. R. VERRALL, ESQ. 

R. R. Verrall, Esq. 

XII. 

Anon 

Irre- 

gular. 

3 6 

312 

468. 

Sept. 9. 

SUSSEX. 

Heron’s Ghyll, Buxted. 
a BATMORE, ESQ. 

C. Paimore, Esq. 

1 

X. 

i 

Negretti AZambra 

I 

9 a.m. 
i pre- 
ceding. 

I 0 

405 
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UAIN-GAUGE8 (continued). 



Equivalents of 

Error at 

Azimuth and an- 


© . 

water. 

scale-point 

gular elevation of 


p j3 >2 g 

03 "W 08 M 



specified in 

objects above 

Remarks on position &o. 

© 

u g 

5 -aN 

Scale- 

point. 

Qrains. 

previous 

column. 

mouth of rain- 
gauge. 

= 

in. 

in. 


in. 




4-98 

*I 

495 

correct. 


In a very open position on the N. 

458. 

5'oo 

*2 

990 

correct. 


corner of the reservoir-bank, 


4'97 

*3 

1490 

— *001 


entirely unsheltered. 


5*02 

*4 

1970 

— *002 



M 4*99-5 

*5 

2480 

— *002 




4-98 

*2 

1000 

— *002 

S. Trees 62°. 

Position not good, but the best 

459- 

5*00 

*3 

1490 

— *001 

W. House 52°. 

available. In E. at a distance 


4'99 

•4 

2000 

— •004 

N. Wall 13°. 

of a few feet, the ground falls 


5*00 

•5 

2510 

— •007 

E. Wall 33°. 

precipitously to the yard of the 


M 4'993 





railway-station. 

460. 

5'oo 

•I 

500 

— •001 


At the time of visiting this and the 

498 

*2 

1000 

— *002 


following gauge they were near 


4-98 

'3 

1480 

correct. 


together, and in the position 


5*00 

•4 

1980 

— *001 


described in No. 194. Subse- 


H 4*990 

'5 

2470 

correct. 


quently No. 461 has been re- 

461. 

4‘99 

•I 

500 

— *001 


moved further inland, in order 

5*01 

*2 

1000 

— •002 


to obtain a less exposed position 


5*01 

•3 

1480 

-f *001 


and freedom from the up- 



*4 

1980 

-f *001 


draught produced by the steep 


M 5*000 

‘5 

2470 

-f *002 


face of the cliff. 

462. 

5*00 

•I 

495 

correct. 

E.N.E. Beansr>0°. 

Gauge fixed on a post, in order to 

5*00 

*2 

995 

— *001 

N.W. Elder 20°. 

obtain better exposure. On 


4'99 

•3 

1500 

— *002 

S. Chapel 10°. 

pointing out the injuriou.s effect 


5*01 

*4 

i960 

+*C05 


of the beans they were removed. 


M 5-000 

‘5 

2480 

correct. 


463. 

5*00 

•I 

500 

— *001 

S.W. Houses 36°. 

See No. 190. 

5*00 

*2 

1000 

— *002 

N. Houses 48°. 



5*00 

•3 

1480 

-f-*002 




nr 5'°* 

•4 

1980 

-f *001 




M 5*003 

•5 

2470 

-+-•002 



464. 

8*00 

.1 

1300 

— *002 

S. Laurels 

On a dwarf post in a bed of laurels, 

8*01 

*2 

2570 

— *002 

E. Laurels 60°. 

which had been cut away from time 


8-02 

•3 

3810 

correct. 

W. Laurels 55°. 

to time to secure sufficient exposure. 
On showing that this had not been 


7-98 

•4 

5100 

— *002 


obtained, obserTcr agreed to remove 


M 8*003 

•5 

6320 

— *002 


the gauge to a thoroughly clear spot. 

465. 

7*98 

•I 

1300 

— •003 


dee No. 193. It appears, from long- 

8*01 

*2 

2550 

3800 

— *002 

i 1 

continued observation, that the ex- 


8*02 

•3 

— *001 


tremely exposed position of thisS 
gauge prevents its indications being] 


^*93 

•4 

5050 

-f *001 


correct. 


M 7-985 

'5 

6300 

-f *002 



466. 

8*01 

*i 

1260 

-f-*00I 

S. Hou.se 45°. 

In the garden of the Vicarage, and 

7'99 

*2 

2490 

+ *004 

E. Trec.s 60°. ; 

in the best position obtainable. 


7*99 

‘3 

3780 

-f*002 

|W. Trees 50°. I 



8*00 

•4 

4990 

+ •007 


This gauge being very much in error, 
the observer at once decided on hav- 
ing a new one. This was specially 
desirable, for two reasons:— (1) be- 


M 7-997 

•5 

6250 

+*C07 


467. 

5*00 

5*00 

*1 

*2 

1 5^0 

1020 

— •006 

— *007 

S. Houses 30°. ' 
E. Trees 55°. 

4*99 

nr +‘93 

M 4*980 

*3 

1530 

— •oil 

— *017 

— *018 

W. Trees 48°. 

cause the locahty is an important 
one ; (2) because, in addition to the 


*4 

•5 

2050 

2550 

W.N.W. House 28° 

scale-error of the old gaup, the fun- 
nel did not rest firmly on the receiver. 


7'99 

*1 

1250 

+ •001 

‘Gauge temporarily placed on a terrace- 

468. 

8*00 

•2 

2570 

— *002 

N. Wall 32°. 

walk. The above angles are for the 

8*co 

•3 

3800 

correct. 

E. Firs 30°. 

position selected. 


8*00 

•4 

1 5050 

+ •002 




M 7*998 

•5 

6300 

+-004 
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EXAMINATION OF 


Reference 

number. 

^ J 
SI 

COUNTY. 

Station. 

fl 

0 

2 eio 

Maker’s name. 


Height 
of gauge. 


ft’s 

a> 

OWNER, 

Observer. 

"S S) 

PI 4- 
6 

.SI 

B £ 

Above 

ground 

Above 

sea- 

level. 


469 

1872. 





ft. in. 

feet. 


Sept. 9 

SUSSEX. 

Crowboroiigh, Beacon Ob.'^ervatory. 
a L. PRINCE, ESQ., F R.AS. 

C. L. Pmice, Esq., If\li.A.S. 

X. 

Negretti&Zambra 

9 a.m. 
])re- 
coding 

I 0 

777 


470 

Sept. 24. 

NORFOLK. 

Bex well Rectory. 

REV. E. J. HOWMJN. 

Rev. E. J. Hmman. 

XIL 

Ca.sella 

9 a.m. 
pre- 
ceding. 

I 0 

120 


471- 

Seprt. 25. 

NORFOLK. 

We.st Dereliam. 

REV. E. J. BOWMAN 

Mr. C. lilanchfield. 

III. 

Ca.sella 

9 a.m. 
pre- 
ceding. 

I 0 

20 


47i- 

Sept. 25. 

NORFOLK. 

White IIou-so, Wereham. 

F. 11 H. MASON, ESQ. 

F. R. H. Mason, Esq. 

X. 

Ncgretti & Zambra 

9 a m. 
pre- 
ceding. 

0 5 

60 


473 - 

Sept. 25. 

NORFOLK. 

White House, Wereham. 

F. R. H. MASON, ESQ. 

F. R. H. Mason, Esq. 

XI. 

Negretti&Zambra 

9 a.m. 
pre- 
ceding. 

6 0 

66 


474- 

475 - 

Sept. 25. 

1 

Sept. 25. 

NORFOLK. 

Finchani Rectory. 

REV. W. BLYTHE. 

Rev. W. Blythe. 

NORFOLK, 

Outwell Sluice. 

MID LEVEL COMMISSIONERS. 
Mr. W. Bond. 

See 
«{(. 2, 
Br Ass 
K(']>ort, 

p. 

VIII. 

Spencer 

9 a ni, 
pre- 
ceding. 

9 a.m. 
6 p.m. 

4 0 

3 0 

50 


476. 

Sept. 26. 

CAMBRIDGE. 

Victoria Road, Wi.sbeach. 

8 . II. MILLER, ESQ. 

S. H. Miller, Esq. 

XI. 

Negretti&Zambra 

9 a.m. 

0 6 

10 


477- 

Sept. 26. 

CAMBRIDGE. 

Victoria Road, Wisbeach. 

8 . H. MILLER, ESQ. 

8 . H. Miller, Esq. 

X. 

Negretti&Zambra 

9 a.m. 
pre- 
ceding. 

0 6 

10 


478. 

Sept. 26. 

. CAMBRIDGE. 

Victoria Road, Wisbeach. 

8 . H. MILLER, ESQ, 

8 . H. Miller, Esq. 

X. 

Negretti&Zambra 


8 0 

18 


47 J- 

Dec. 4. 

OXFORDSHIRE. 

Banburv. 

T. BEESLEY, ESQ. 

T. Beesley, Esq. 

... 

VIII. 

Anon 

9 a.m. 
pre- 
ceding. 

7 0 

350 
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KAIN-GAUGES {continued). 


1 "S? 

OJ 

Equivalents of 

Error at 

Aziniutli and an- 


t: 

water. 

scale-point 

gular elevation of 
objects above 

Remarlis on po.sition &c. 

<Li ^ 

^ s 



specified in 

s 

II 

Seale- 

G rains. 

previous 

mouth of rain- 

c 


])oiril. 

column. 

gauge. 



ill. 

in. 


in. 




7-94 

•I 

1270 

— •001 

\V, irouse20°. 

Yery ojien position, on almost the 

469. 

8 ’00 

.2 

2530 

— '002 


highest ground in the county. 


7-93 

•3 

3750 

— *001 





•4 

50^5 

— •001 




M 7'953 

'5 

6290 

— •001 




5*08 

*1 

498 

— -OOI 

N. ileeeh 40*^. 

j On the cast side of the rectory 

470. 

4-90 

*2 

990 

correct. 

N.E. Church 25° 

1 lawn, in a very good position. 


498 

*3 

I 500 

— *001 




■4 

1980 

correct. 




■nc 

M 4'993 

'5 

2470 

correct. 




498 

•I 

495 

correct. 

N.W. House 22°. 

In small paddock; flat country, 

471. 

5*03 

■2 

990 

+ •001 

N. Barn 18°. 

and quite open. 


4 -gS 

•3 

1470 

+•004 




•4 

1980 

-f-OOI 




M 5-005 

•5 

2470 

-f *003 




7-98 

•I 

T280 

— -QO I 

S.W. Trees 35°. 

In garden, near to, hut not influ- 

472. 

8-02 

•2 

2550 

— ‘OOI 

N.K. „ 30“ 

diced by, bouse. 


8*00 

*3 

3820 

— 'OOI 



8*00 

•4 

5090 

— 'OOI 




M 8-000 

‘5 

6370 

— ‘002 




5-00 

5-00 

*1 

495 

980 

correct. 


In same garden as No. 472, but 
much further from bouse, and 

473- 

•2 

+ •002 


5*00 

•3 

1490 

correct. 


quite open. 


5-01 

•4 

1970 

•f‘003 



M 5*003 
3*00 
3*00 j 

•5 

2470 

-f ‘002 

N.W. Pear 00°. 

A very slmky gauge, mounted on a stone 
pillar, but so loosely fixed that it could 
j be blown from side to side. The gauge 
itself IS also very incorrect, and the 

474' 

'26 

•53 

•795 

1*07 

.05 

490 

990 

1480 

1990 

810 

— •014 

— •025 
-'O32 

— •041 

correct. 

S.E. Acacia 52°. 

3*00 
3-02 
M 3*005 
9-02 
8-98 

475- 

position bad. As observations have 
been made for many years and with 
regularity this is to bo regretted. , 

A very good gauge in a good position, 
but most wofully out of order. It was 


•I 

1630 

— '002 



8-98 

•^5 

*2 

2430 

— ’002 


in a wooden box with what had been 


8-96 

3200 

correct. 


a flat top, through which the funnel 
only rose half an inch ; and even this 


M 8-985 

*^5 

4000 

correct. 

N. Trees 33°. 1 

was reduced by the warinng of the 

476. 

4'99 

•I 

510 

— •003 

split wood. It is impossible to form 

5 '00 

•2 

1040 

— *010 

N.W. „ 25°. 

any opinion of the probable error due 


499 
5'oo 
M 4’995 

•3 

1530 

2050 

— 'Oil 

— 'OI4 


to this arrangement. 

Nos. 476 and 477 were close toother in 


*4 


a small garden much shut in by trees ; 


*5 

=^530 

— 'Oil 

N. Trees 33°. 

the observer said that he had cut down 


8-00 

•I 

1250 

-f 'OOI 

several, and promised to make a fur- 

477- 

7-98 

*2 

2480 

-f*004 

N.W. „ 25°. 

ther olearanoe. 

7'98 

*3 

3720 

-l-‘oo6 




8*00 

•4 

5040 

-f '002 




M 7*990 

*5 

6290 

■f'003 




7*98 

7-92 

•I 

1250 

2480 

-f 'OOI 

4- -002 


On the roof of thermometer-stand, . 

^78. 

'2 


about 15 ft. from No. 477. Un- 

7*94 

•3 

3720 

+'004 


sheltered. 


7*99 

■4 

5040 

— •OOI 




M 7'958 

■5 

6290 

— 'OOI 




6*09 

•I 

700 

4 - -004 1 

S. Birch 30“. 

On roof of outhouse, in the best - 

^79* 

6 ‘00 

*2 

1410 

-f-'oo6 

E. „ 32°. 

position on the premises. 


6*12 

‘3 

2170 

4- 'OOI 

W. „ 42°. 



598 

•4 

2880 

4 - *003 : 

N. House 63°. 



M 6 048 
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REPORT — 1873 . 


Seventh Report of the Committee appointed for the purpose of continuing 
Researches in Fossil Crustacea, consisting of Professor P. Martin 
Duncan (M.5. Lond), F.R.S,, Henry Woodward, FJi,S., and 
Robert Etheridge, FR.S. Drawri up by Henry Woodward, 
FR.S, 

Last year at the Brighton Meeting I was enabled to lay before the Association 
a very considerable list of accessions to Fossil Crustacea, and also a goodly 
account of work performed. 

A very fruitful season is not unfrequcntly succeeded by a smaller harvest. 
Such is the case with my Report this year ; I am, however, able to show 
some favourable results. 

Part V. of my ‘Monograph on the Merostomata/ containing the suborder 
XiPHOsuRA, will bo ready for publication before the end of the present year. 
I have included in it the following genera and species, namely : — 

Bdlinurus Konigiamis, IT. Woodw., 1872. Coal-measures, Dudley. 

bcUitlus. Kt)nig. ,, Coalbrookdale. 

Tcgin(C, Daily. „ Queen’s Co., Ireland. 

arcuatus^ „ „ ,, „ 

Trestwichia BirtwcUi, sp. noY., H. Woodvr. „ Lancashire. 

— — anthraA\ ,, 18GG. ,, Coalbrookdale. 

rotundafa, „ „ ,, ,, 

Neolimtdus falcatus, ,, ,, Upper Silurian, Lanarkshire. 

I have also introduced into this Part of my Monograph those singular crus- 
tacean forms which occur in the Carboniferous Limestone, botli at Cork in 
Ireland, at Settle and Bolland in Yorkshire, and at Vise, Belgium, referred 
to the genus Cgcdas, namely ; — 

Cgclus hilobatuSf II. Woodw. 

torosu&, „ 

Wrightii^ „ 

Harkncm^ „ 

radiahs, Phillips, sp 

Jojieaiamis, li. Woodw. 

Iia77kini, ,, 

■ {Haficgnc) laxia^, von Meyer, 

{Htdicgne)agnosii(s, „ 

These last are doubtless either larval forms of other Crustacea, or else they 
belong to a peculiar group whose appearance in time has been exceedingly 
limited. They remain for the present among the unsolved problems of 
palmozoology. 

Wliilst referring to the fossil LhnuU I would briefly allude to two valuable 
contributions to the anatomy of the living Limidus, or “ King crab,^’ of the 
north-east coast of North America : — one by my distinguished colleague 
and chief. Prof. Owen (sec Linncan Transactions, 1873, vol. xxviii. pt. iii. 
p. 459, pis. xxxvi.-xxxix.) ; the other by Prof. Alphonse Milne-Edwards (in 
the ‘ Annales des Sciences Naturclles, Zoologie,’ 5th series, tome xvii. 1873, 
p. 25, pis. v.-xvi.). 

Limulus i)oJyphemus, and the closely allied species common to the Moluccas 
and the coasts of China and Japan, arc the sole existing types of this ancient 
race, whose longevity (as an order) in time is unsurpassed among the Crus- 
tacea, save by the Entomostraca alone, Neolimulus of the Upper Silurian 
of Lanark closely agreeing with the larval stages of the living Limulus, 
called by Dohrn the “Trilobiten-Stadium.^' 


Carboniferous Lirncsionc, Ireland. 


Coal-sliale, 

Musclielkalk, 


Yorksliiro, &c. 
Ireland. 
Carluke. 
Germany. 



ON FOSSIL CRUSTACEA. 


305 


By the kindness of Professor Owen I am permitted to add three plates from 
his Memoir on the modem American King crab to illustrate my ‘ Monograph 
on Fossil LimuliJ I have also introduced (from Dr. Packard’s and Dr. 
Dohrn’s works) figures of the larval stages of Lhnulus poly^^limius ; and 
from that of Barrande figures of the larval forms of certain Trilobites, the de- 
velopment of which he has traced often (as in the ease of -Stto liirsuta) through 
more than twenty stages. 

Having read earofiilly the arguments of Dr. Dohrn, and subsequently 
the views of Dr. Packard, the elaborate papers on the anatomy of Limulua 
by Alphonse Milne-Edwards and Prof. Owen, I find nothing in these several 
memoirs to lead me to distrust the conclusion at which I had arrived in 
J <S0() (see Brit. Assoc. Beports, Nottingham, and Quart. »Toum. Gcol. Soc. 
lvS(>7, vol. xxiii. p. 28) as to the correctness of associating the Eurypterida 
and XiPiiosuRA under the Order Meuostomata, but much to confirm and 
strengthen that conclusion. 

Prof. Owen fully concurs in my general views of the jMerostomata, as 
an order, although he differs from me in some minor points in reference to 
the structure of* Li^nuJus. 

For example, he considers the anterior shield, as I do, to be the cephalon, 
merely proposing for it the term cepltaleiron^ ; whilst for the posterior shield 
(which 1 demonstrated in 180(3 to be tlie conjoined thorax and abdomen) ho 
gives the name tliordcetron ; and to the telson, or tail-sj)inc, he api)lied Mr. 
Hpence Bate’s name of “p/co?.” 

There can be no objection to the term ccphaletron,” as proposed by Prof. 
Owen, for the head in Oustacea, in contradistinction to that highly special- 
ized division of the body, tlie “ head ’’ in the Verfehrafa ; but I think I have 
shown good grounds (in the paj)er above referred to) for assuming that the 
posterior shield is noi merely the thorax (or “ llwracetroi) ” of Owen), but the 
combined thoracic and abdominal segments, as attested by the larval or em- 
bryonal stages of Limidus, and by the fossil forms of the Coal-measures and 
of the Silurian. 

I venture also to demur to Spence Bate’s term ‘‘pleon " being restricted to the 
tail -spine in Lbnuhrs^ because it is calculated, if soused, to cause considerable 
confusion. The term “pleon,” as applied to the Crustacea by its author, 
includes the last seven segme'nis of the body, of which the tehon (if reckoned 
at all as being a segment) can only be assumed to be the ultimate joint of 
the series. 

The view propounded by Prof. Owen — that the great caudal spine in Limulus 
represents, either by itself or possibly witli the hindmost segments of the 
“ thoracetron ” (Owen), the “ pleon ’’ of Spence Bate (or in other words the 
last seven (or abdominal) segments usually seen in other Crustacea) — is based 
on his examination of the innervation of the tail-spine. From its dissection 
he finds that the bifid continuation of th(; great neural axis is divided within 
the triangular tail-sheath into a double plexus of fine nerves resembling the 
cauda equina of anthropotomy. In this fiisciculus of nerve-threads the author 
traces nine nerve-filaments, four ventral and four dorsal, the ninth being the 
continuation of the bifid neural axis. From this he concludes that the tail- 
spine may indicate as many as four coalesced segments, which with the three 
posterior coalesced apodal segments of the thoracetron ” would account for 
the missing abdominal series, or the “ pleon ” of Spence Bate. 

^ From K€(pa\riy the head, and ijrpovf a part of the abdomen, in allusion to the fact that 
“a part of such cavity is associated with the ‘head’ in the first division of the King 
crab’s body, and with the ‘ thorax ’ in the second division.” (Owen, op. cit. p. 463.) 

1878.‘ X 
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But, notwithstanding my profound respect and appreciation of Professor 
Owen’s comparative anatomical studies and his conclusions thereon, I find 
great difficulty in adopting this view, because it does not accord with those 
generally entertained regarding similar structures in other orders of Crus- 
tacea ; neither will it harmonize with the earliest known forms of the Xi- 
PHosuRA, nor with the larval development of recent Limiilus as made known 
by the researches of Packard* * * § and Ilohrnf. 

Prof. Owen names the small modified bifid median appendage behind the 
mouth of Limulus the “ chilaria” J ; this is doubtless the homologuc of the 
great metastomial plate of Ften/</otus§. 

J)r. Packard, when contrasting (in his work on Larval Lhmilus, op, cit,) the 
Mekostomata with the Trilomta, inadvertently calls the Metastome ’’ the 
“ Hj^postome,” and contrasts it with the llypostome in Trilobites, in which no 
lower lip exists. 

lieferring to the habits of the Pienjyoti^ Prof. Owen considers they wert‘ 
those of burrowers like the Limuli ; bat their bodies and broad swimming- 
feet seem preeminently fitted for natation. 

On the other hand, he thinks Limuhis could not walk well, but only crawd 
and burrow. I have frequently seen them alive in the Acpiaria at thc‘ 
Zoological Gardens ; and they w^ilked with considerable ease and activity on 
the tips of their toes. They are, however, true burro'wers by habit. 

Prof, Owen is willing to accept the theory of development of the Meko- 
stomata from a typical and common life-form, but b\ “ Secondary causes or 
laws,” not by Natural selection (p. 50 J o^). cli.). 

Several additions have been made to the Carboniferous Phyllopods, the 
species of which I have described in conjunction with my friend Mr. Kobert 
Etheridge, jun. (of the Geological Survey of Scotland) ; some notice of these 
will be found in the Transactions of the Sections (C.), in a separate paper. 

Of Cretaceous forms I have examined several n(‘W^ species, among wdiich 
are three examples of the carapace of a small Gault ( rustacean from Folkestone 
(near to Diaulax Carteri, from the Cambridge Greensand), which I ha\e 
named D. feUceps, twm small form>^ of IScyllarkUa, the genus hitherto only 
known in the Eocene Tertiary : — 

Scyllaridia Garchieri, sp. nov. 

punctata, sp. nov, 

A small Crangon^ of doubtful determination, with two delicately serrated 
lines on the anterior half of the carapace in front of the nuchal furrow, and 
the hinder part armed with very minute spines, the surface of the carapace 
being ornamented with very minute and scattered serrations ; the carapace, 
hands, and detached body-segments of which are all of a glistening black 
enamel. I have named this Mesocrangon atm ||. 

Fifteen years ago Mr. Charles Gould, F.G.S., described a very imperfectly 

* “ The Development of Limulus jpolyj^hemus,'' by A. S. Packard, Jun., M.D., Mem. 
Boston Soc. Nat. Ilist., 1872, vol. xi. pp. 155-202, pis. iii.-v. 

t “ Zur Embryologio und Morphologic dcs Limidus yolyphnnus,'' von Dr. Anton Dohrn, 
Jenaische Zeitschrift, Band vi. Heft iv. p. 580, Taf, 14 und 15 (1871). 

I From x^Aciptov, a STuall lip (Owen, op, cif. p. 464). 

§ As pointed out by me : see Brit. Association Reports, Edinburgh, August 1871, Fifth 
Report on Fossil Crustacea, p. 53. 

II These specimens are from the collection of J. Starkie Gardner, Esq., F.G.S., who has 
kindly placed them at my disposal for examination with others. 

% Quart. Journ. Geol. Soc. 1859, vol. xv. p. 237. See also Bell’s Mon. Pal. Soc. Crus- 
tacea of the Gault and Greensand, 1862/ p. 1, pi, i. figs. 2 and 3. 
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preserved carapace of a small crustacean under the name of MiiJiracites vec- 
tensis, from the Greensand, Atherfield, Isle of Wight. I lately obtained six 
specimens from the same locality, which upon comparison I found to agree 
(so far as the figures and description enabled me to determine) with Gould^s 
MftJtracites ; but when I compared the specimens with the recent Mithra.v, I 
failed to discover the analogy, although the specimens since obtained appear 
to offer a decided affinity witli the genus The discovery of these ad- 

ditional examples will necessitate the reconsideration and redescription of the 
genus Mithracites. 

rortunately the abdomen and limbs of both male and female examples are 
preserved ; and the margins of tlio carapace are also well seen. 

Prom the Greensand, Isle of Wight, 1 have also obtained a new species of 
Ue'iiiioon'! (Bell), but larger than H. Cinmingtoni . Prom the Hard Chalk, 
Dover, I have received anew form of En,oi>lovlyfki, which 1 propose to call 
E. senhrosa. 

Only one new species of Trilobite has to be noticed ; it was found at 
Utah, and sent over by Mr. Henry S. Poole, Inspect or of Mines, Nova Scotia. 
I have referred it to the genus Olemts, under the name of Olenus nfahensis. 
It shows evidence of a median axis, apparently corresponding with the so- 
called sfratgJif alimenidry vanal, noticed b}^ Barrande. The matrix is com- 
posed of a hydrated silicate of magnesia. 

This coni])lctes the list of new forms examined and determined by me, 
some of which are already engraved for publication. 


Report on Recent Progress In Elliptic and Hyper elliptic Functions, 
By W. n. I.. Russell, F,k.S, 


Part IT. On the S/fstem of Ilffperelliptlc Differential Equations adopted hy 
Jacohi, (ropef and Jiosenhain, 

lx this part the solutions of the hypcrelliptic differential equations of 
the first order, as given by Gopel and Jiosenhain, will form the main sub- 
ject which I desire to bring before my readers. They will ever possess 
great interest, although surpassed in generality by the later researches of 
Weierstrass, and the geometrical methods of Biemann. The researches of 
Gopel and Ilosenhain were nearly contemporary ; as, however, those of 
TIosenhain are somewhat more elaborated than those of Gopel, I shall com- 
mence with an account of them, as contained in the ‘ Memoires de ITnstitut, 
par Divers Savants,’ tom. xi. p. Bbl. Ilosenhain begins his investigations 
by giving formulm for the multiplication of four functions 0 appertaining to 
elliptic integrals, and uses these as a starting-point for the corresponding 
formula in hyperelliptic functions. He then expresses these new functions 8 
in terms of two new variables, and shows that from the equations thus ob- 
tained we can deduce the hyperelliptic differential equations. 

Section 1 . — We commence with Rosenhain’s multiplication of four func- 
tions 0 in the case of elli])tic integrals. His notation is as follows (it will 
be observed that he uses the same notation wo have been already familiar 
with in Schellbach, except that his exponentials involve real quantities) .* — 
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eiv, 2 ) ==5„( _ 1) = 1 -q(e^°+ + c”'*'’) - &c., 

-00 

OQ (2«+l>^ 

0,(«- 9) = 2„(-l)«<^ ^ e<^’’+*V=<?4(e^_e-'')-5l(e=’'-e-®")+ . . . . , 

-QO 

-'X) 


e,(v, 2 )=i:„ 9 >'V''"=l + 9 (e 2 r + ^-2..)+^4(e4,. + e-4r)^. , . , . . 

-QO 


these functions arc singly periodic, and their ratios doubly periodic. We 
have already seen that this periodicity has been fully discussed by Schellbach. 

Now let us assume four new variables connected with the original varia- 
bles by means of the equations 


2vj or 2e = 

2).; ^v + v'-r’-r'", or iV 
2?'/' 4- or 2u" 

— r' _7)" or 2e"'=?’j — — ?'j" -}- Cj'", 

whence 

Hence 0/v)OX^')dX^'')d/v'") = € 
where 

P= 0' 4- log^ 9 ') -f- (v + log^ (y)~ 4- (?'" + a" log^ qy -f (?''" 4- n'" log^ qy 

wiU remain unchanged, if 7 ’^ v'"^ lie substituted for tq ?/, i»", v", 

provided that 


2«, 

=n-{-7i' -\-n 


or 

2h 

= n, 



2n; 


'—n"\ 

or 

2n' 




2n^ 

' =Z 7 ? — n' -j- 71 


or 

2a" 

= n, 



2n/ 

1 

1 

II 

'-hn'", 

or 

2n" 

'=n^ 


’ + n"’ 


Now n, n', n", n" are all whole numbers from -foo to —oo ; but as these 
equations are written we should have n\. n'\, n'\, n"\ including forms 4-r 
and 4-(r4-^) when r is any integer. ~ 

ThTs inconvenience is removed by assuming that 2n, 2?i', 2n", 2n'" must 
be subject to the same condition to which 2n\, 2n\, 2n"\ are subject, 
namely of being all at once odd, or all at once even. Rosenhain shows 
(p. 373) that this necessitates the introduction of functions , and that we 
have 
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In putting 


we have 


I ! I f! , f// I'TT n I II III 

■*"2’ ^ ■*" ^ ■^2’ for v, , V , t/ , 


=0(t;,)flOV)0K'O0(V')-0iO\)0X<)0i(«/X(<l • • (2) 

and if we substitute v'" + iw in the place of v"' in these two equations, we 
shall have : — 

e(v)0{v' )d(v")o(v "') + o,(r)(fXt'' )o,(v")eXv"') 


Section 2. — Putting, then, for a moment 

we have, adding ( 1 ) and (Jl), secondly subtracting (3) from (1), thirdly adding 
(2) and (4), fourthly subtracting (2) from (4), 

20'®^= 0/-'> + 0/-) + 0, + 0 »>, 

20<^' = 0/''> + 0,<^> — 0, - 0/ * 

2d =0,'‘’*-0/-> + 0,-0/‘\ 

00(1 ) ^ 0^(3»_(,^(2)_ 0^ g a) ; 

Irom which 

0'; 4. 0(1)2 ^ 0(2)2 0(:i)2^ 0^2 ^0 0)2^ 0 (2)2 0^(8)2^ 

{e,veye/’ey"y^+{e^ve.ye.jv"ti./"y+{e,v6,v'0y’ey'y^+{evev’ev"ev"'y 


remains unchanged when v\, v'\, v''\ are put for v, v, v'\ v". 

This and four other formulae of a similar nature, obtained by augmenting 
the arguments by semiperiods &c., arc given by Rosenhain, and constitute 
the starting-point from which he deduces the properties of the hyperelliptic 
functions, as we shall soon see. See also a memoir by Professor Smith on 
this subject in the ‘Transactions’ of the London Mathematical Society. 
Section 3. — Conceive now a function thus defined : 

00 

-00 

00 

= 4- 2nA , p), 

-00 

5? w*log^-fwMog 5^-|-4wnA4-2wr-f2wtt; 
- 00-00 

This series is a function, doubly periodic (see Rosenhain, p. 389), of v and w 
in the pairs of conjugate indices tV and 0 and 0 and iw ; for we have 
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3( 

<P3,A*'> 'v+aiv)=(j,.,_^{v,v), 
a being a wliole number. 

We see at once that (/3 and y being any whole numbers) 

03 , 3 {^' + /31ogJ^ + 2yA, i(' + 2/3A + y log,fj-} = e-’“^. 3 , 3 O', «’). 
where we haTc for M 


M =/3" log^^ + log^ q + 4/3yA + 2ftv + 2ylL\*. 

Now, then, consider the quantity 

log^ q-\~W“ log^y> — -tA^W' 
e 1% ? - -iA- u,w)\ 

and substitute in this formula t^+/3 log^p4-2yA for v, and log^ ^ + ^pA 
for u’, and the formula becomes 

log^ q’\-w^ log^^j— 4A^;^^» 

e i%i> lc>g,?-4A'‘ '*■ * ^(V + /) log^ p + 2yA, tv + y log^ q + 2/3A), 

or c logj' iog^ 2 '— 4A^ (ji^^ ^(i>, w), 

and therefore remains unchanged. Wo shall soon meet with a series of 
functions similar to doubly periodic ; this theorem will enable 

us to show that the ratios of these functions are also doubly periodic with 
different jicriods (p. 411). 


Let 

then 


?' log^ q — 2 A w ?(' log^ p — 2 Av 

] og^ g — 4 A" ■ log log^ q-4A:^’ 


^,2 

- - _j W 

^log^i? log^p 


log 


(X - 

,(v,w)=^^^^e 

-00 


'p log^ g'— 4A^ 


(W+m)* 


(t)4-27iA)^ 

03(^;+2An,p), (1) 


log, 


log ^log 2'--4A^ log JO log o—lA^ 

( ! — ! V2 e — e — (Y 

-QO 


{w 4-2111 AY 

e eAw-\- 2 km, q). 


( 2 ) 


To prove this, write down the fully expanded form ol 

‘’'Vs, A'-’+Z^ logg #’+2rA, w+iftA+y log^y). 
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From the formula 

e(m+TU;) ^ a//,- e(H+K',z-') 

0(0, Z-) ~ ' 0(6, z-') ’ 

given by Jacobi in the ‘ Fundamenta jN'ova/ p. 165, Rosenhain deduces tlie 
following (p. »‘195) : — 


loi 

6 






ttIv 


where 

1 1 
1 0.0* 11= — _ 

K’ ■ K ’ 

He then enunciates the following tliooi’em : — 




loa*. 




where 


logj/logjy = 7r= = 


log^ l> log ^(f — I log^ p log^ (f — 4A'“ 


!()<> 




log^ (f 


, logj; log 7-4A- log J>' log^(/' — 4A'- 

log n z= ~ ^ , log r/= - , - , 

^ ^ liio- J h)g^y> 




logjj 

i'lrX 
log y/ 


/A = 


, TTV 

C = ,- , 


7re 

e=4- — ?e = 

logJ> 


ttA 

log. p" 

w log^ p — 2Ae 

log.Z' 

w' log^ p -~2i A' v' 


lo: 




To prove this theorem, which is enunciated without demonstration, 1 ob- 
st'rve that 

r + 2»A=j-^--(a'-2niA'), 


according to supposition. 

Wherefore by formula (1) of this section 


+ ~ logj. ».)= 


GO 


log plog (y— 4A“ 
•ogA' 


(\V4-n)“ 


V- 


log 


0,(/i''+2»,A',y) 


(In- the fonnula just derived from the ‘ Fundamenta jS’ova ’). 



312 


KEPORT 1873* 


Consequently 


A^> '«^P> <!’ -^) 


00 

= S„e 

-CXD 

—OgX' ^ 

log^i) 

- (277^^4-77'*^) 

But 

\V = 

w log^^> — 2Ac 

Hence 

logjilog^^ — 4A“ 


^ml ^ • 

l%ti> -00 


IV 


‘’‘’^‘^'^•3, A‘'. w>i'. 'y> '^) 


/ TT J 2?^W''-h«‘lofr ^ 2/wu’'-|-4w>/^A^ 

= \/ -, 2„e 5„,e e .. 




=A/_^-22t 

V log p 


'tr log^ q' ->f-'in'in\' -\-m- \oQjy-^2nitv'-\-)inw 


og.jfy 




Eosenhain gives two other theorems of a precisely analogous nature (p. 397 ) 
for transforming 


b ('’> y- ^■>, b (*'i’ *”'i’ i'l’ ?!’ 

and also 

log^ q-\‘W^ log^ p — 4Arw’ 

e log^?Wog^}-4A“ ^,^^^(v,iv,p,q,A) into <!>,_ ■,{iv\,hv\, 2 >\, q\, A\), 

where the new variables and constants emanate from the former according 
to a certain law. 

Section 4. — Eosenhain next enters upon investigations relative to the 
multiplication of functions 0, commencing with elliptic functions, and thence 
advancing to hyperelliptic functions. He proves without difficulty that, by 
directly multiplying the functions 0^ together, 

niO/w + at*, log^ 

1 0 

n-l w 7 • 

nV,.‘^‘^^H,{nw-\-s+a\os,q,(f)=^\e ” + «*+—,?), • ■ (2) 

0 1 ^ 

and is a certain constant, — where, as is obvious, the product H extends 
to the quantities a^. . . .a„, . . . . + and a is an integer 

less than ( 71 ). 
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To reduce this he makes use of the following theorem : — 

on o w— 1 2akiTr / Trior \ 

r‘‘\(nw + Milog^q,q”' + ... (3) 

As Eosenhain has not demonstrated this formula, I give the proof here. 
Let 

2knr Akin 2(n — l)kin 

=X(*’) + X(l)e " +X(^)® “ + +x(”— ” • 

rni 

In ”, where (s) is a prime number, all the remainders are different as 

hi increases from 0 to s — i. Hence we easily see, forming 71 linear equa- 
tions, by putting Jc=0, 1. . . — 1, 


7( _ I tiiirin 

■5, c n I 


Zrk-in / 

vx(r) = \e " 

/ vior \ X « — 1 , 2 {m- 


'V" •»» — 1 2mrtn ~r 1 2ih 

— e € _ € 2 ni 

-oc 0 -X 1 


This expression vanishes except when 7>i=>iju, jj, being an integer, or 


jj_l 2a nn 
^ n I 


inn / * \ 'T' 

—eliv+^, .y) = n5«%2««. ^^^^f,V2n^w+2n^a\og^ 
\ n } 


= log^ q-\-nw, 

the formula required. 

This formula may be written 

a 2 7,-1 _ 2arin ( 1 ] 

nq n e-^^d^nw + a log. 5 , g”) = 2 ..e » 63 j , g« | , 

SO that equation (1) becomes 

nn,^e^{w + a^, g) = 2..Q..0^^w+ ^ 9^^ 

Eosenhain then shows how, by giving w the n values 

w,w+llog,g, w+?log. 9 , w+^l^Iog.g, 

we may obtain 7i equations to determine the constants in terms of 
functions 0 with constant arguments. 
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Section 5. — These principles are then applied to the multiplication of 
hyperelliptic functions. The following theorem is given without demonstra- 
tion, 03 ^ 3 (v, w) being the same as before : 

n 

llA. a (" + “*- «<'+VP- 2 >A)= 

1 

^ j (Mt;+2aj+/3 logj)+2yA, MU'+2''ji+2/3A+ y log, q,p", fki 

0 0 

where ^ is a constant analogous to in the last section. 

To prove this formula we proceed as follows : the notation and assump- 
tions will be understood by referring to Rosenhain, p. 400. To prevent con- 
fusion, we write p for Rosenhain’s n. 

1 

4 - 

j -f + mp7tp)A 

2{7n^ ?»p)?;4-2(2?j+«.4-«3 4- np)v' 



lA‘t 

m^=fi^+.v, and also .... 

so that 

ni, + m„+ +m^=fi+px, 

»J=»'J+.V> >'i + ''.+ • ■ ■ +>'p=y' 

so that 

w,+«,+ ....+»(^=y + «//. 

Then 

»h‘+m/+ .. +m‘=Zft^^+2flx+i,A^, 

w,” + )i/ + = Syj’ + 2yy + pf, 

• • • • +«vv=^/'i’'i+i^y+>''*+P‘'''i'- 

Hence, collecting these results, and resuming the (») 

n 

1 

= SSA^ g 2 / 3 t;+ 27 W , « hg^p-\-4Ans7 ^-{-^'‘^ . w log^ q 

^2x(P log^^4-27A+2a^+wi;)g2y(2/3A+/3 log^j+SS^+Mw) 


■ h 3 (“^+/^ logeP+2yA + Srtj, JIW+2/3A+/} log, ii + 'S,\.p", f. Ai >), . ( 1 
where A^ is a constant to be determined (sec p. 404). 
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Now from the definition of ^3 3 {y, iv) it is easy to see that 


= 52 2 2 log ^q^-2xv -^2yw 


n— l»i— 1 lc^-\-ly / 


0 0 
. 90 ^2 


JiItT HtT 

H » ^t^+- 

w n 


^ y 

-QO -00 

= " 2 ! ^ 2 ! 2 2 

‘ 

0 0 -00 -GO 

2kxi7T 21yi7t 

ja(j7+/3)i>+2(y+r)M; . e^n"e~n 

=(u8ing the reasoning of section 4, and so putting nx for a;, wj for y) 

-X -(Jo 

log^y4-4«='x^A+«V log^ }-|-2)w(/3 log^^+2yA+ij)+2M4/(7 log^ g+2/3A+«)) 

<?'3,sK<'+/51og^i> + 2yA), n(to + ylog^2 + 2/3A), 2 '”’, 2 ”“, An’), 
whence 

hV i i A\ 

T’ ’ 2 ’ n ) 


yi_ltl-l ^/3 + ^y . 

^A: e 

0 0 


” [ 


, Iciw . 
v + — , w-\-- 


= B£“^‘"*'"^'''.^)3, 3 (««'+/? logeP+SyA, nM/+ylog^5'+2pA, q’^, An), . (2) 


which agrees with llosenhain, p. 404. 

Hence, combining (1) and (2) together, we obtain 


n 

n^, 3 ^<-'+h’P’ ?. A) 

1 


- 2;^ ^l'^k,l1^a, 


0 0 



JciTT 



n 



(Rosenhain, p. 405). 


In this way formulse arc found for the multiplication of hyperelliptic 
functions. Two others of a similar nature are given by Rosenhain, toge- 
ther with the expression just written down ; and they are presented in a 
somewhat modified form on page 406. The quantities ^ are expressed 
by means of functions (p^ g with constant arguments, by a method analogous 
to that by which the constants were determined previously. 

Section 6. — Having thus discussed some of the properties of 0g g (i;, w\ 
Rosenhain proceeds to develop a number of similar functions defined as 
follows, p. 499 : — 

00 rtwS 1) 

f, »'')=2:„,p € ftJ,w+2mA,q), 

-00 
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-00 

<Po,ri^’ w) = f,„(-l)V"'e2“*'«r(«' + 2»«A, q), 


-00 

00 


w)=2„( - 1)V e^“”’0,(t/-l- 2/tA, p), 

-00 

( 2 )»+ 1 )» 

^2, r ^ ^ 0r(i^-f (2m-l-l)A, 5'), 

-X 

( 27 ? 4 - 1 ? 

-X 


^—4— _( 2 ?/^^-l)?- 


^1, rO^ = - e 

( 27 ? -ht) 


6 ^^(?t'-l-( 27 /?-hl)A, 9), 


e(“”‘^^)“’e,(»^ + ( 2 n + l)A, 2 '), 


where r denotes one of the indices 0 , 1 , 2 , 3 . It is manifest from this that 
there are sixteen of these functions, which may all be ex2)res8ed under the 
form 

77? iogj7-|-7?‘ log 9+4?7?7?A4-2;???/ ^+27?/^ ^ , 

(pr^siv, w, p, q, A) = ZZ€ e e » ^ 

where ^ are linear functions of v and w. 

The periodicity of these functions is given by Eosenhain, pages 409 , 410 ; 
and he then proceeds to develop the following theorem : — If 


2v^ =v-\-v' -\-v" -\-v"' , 
2 v^ =v 4 -v'— v'' — t?"', 
2 v;' 

2v^" ■=v—v —v" -]-v"' , 


2 il \ = w -\- w ' -{- w " 

2 w^ =w-\-w’ ^w" —iv"\ 
2 iv^' =ze — w — w'\ 

2 w”'=w — w' — w" 


also if 


M 

= 03 , 

3 «') K 

3 

«'■) h. 

3 . 

W") <P3. 

3 

w' 

") 


+ 03 , 

2 ('»> «’) f-.. 

3K 

“'') '?'3, 

3 (^"3 

«’") </>3, 

3 (^'"'1 

IV 


M' 

=0., 

3 (‘'> w) f;. 

3 (^'3 

W') <p.,. 

3 (^''. 

f-,, 

3 (*'"'1 

w 

”) 


+ 02, 

2 (*'3 «') ^2. 

3 (*''> 

w') 

3 

^") 03, 

3 

w' 


M" 

=0n 

3 (V, W) fl, 

3 (V'> 

«'') ^1, 

3 

w") 01, 

3 («'"'> 

V) 

”) 


+ 01, 

3 (^. W) <p,. 

3 (*''3 

w') 

3 

«'") 01, 

3 

w' 

"). 

M'" 

= 00, 

3 (^. W) </>o. 

3 («''» 

W') ^>0, 

3 («'". 

w") 00, 

3 («'"i 

w' 

") 


+ 00, 

3 W) ^0, 

3(^', 

/W') ^-o, 

3 (*'"> 

w") 00, 

3 (^’", 

w 
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and also if M/, M/', M/" are what M, M', M”, M"' become when v, v' 
and 10 ^ w' are substituted for v, v' and w, w', then 

M -1-M' =M, +M;, (1) 

( 2 ) 

M -M' (3) 

+ -M/ (4) 


It is a good way to prove form (1) by writing down the fully expanded 
forms of then applying the principles of Section 1. Then 

lloseiihain has shown how to deduce (2), (3), (4) by merely changing the 
pcTiods. 

Sectio7i 7. — By increasing the arguments by semiperiods Bosenhain has 
deduced an immense number of formula), wliich he has placed in a table at 
the end of his memoir. We shall endeavour, first, to explain how this table 
is formed, and, secondly, how to use it. We remark especially that if 

v\ v'\ v’" are each augmented by then is augmented by vV, and 
Uj', ?'j", Uj'" remain unchanged ; but, on the other hand, if v', v" are 
augmented by and v'" diminished by then ?'/' are also in- 
creased each by 7/ and diminished by Again, if while u, v' re- 

main the same v" is increased and v'" diminished by , then also 

remain the same, and v^" is increased, diminished by So that the 

four equations of section 0 remain true when the variables are thus changed 
and the functions M transformed. Now, then, we will consider the Table. 
Formula lu consists of the values of !M, M', M", M'" written down as 
given in section 6. Formula Id is obtained by augmenting ^e, w" by 

^ and diminisliiug iv" by formula 2a from 1 a by augmenting v" by ^ and 
diminishing i/"' by in In, formula 2d from IfZ by augmenting v" by ^ 

1 

and diminishing u'" by . We need make no special remarks respecting 

3a, 3rZ, 4a, Ad, which are proved in a similar manner. But when 
we come to 5a we meet with a change. The formulae of page 410 
(numbered 80), are then called in, and the arguments augmented by the 
quantities which render the ratios of the functions 0 doubly periodic, and 
which we have discussed at full in the third section in reference to ^3^ 3 (v, w). 
We thus obtain 5a, and from this, by changing the arguments as bybre by 

adding and subtracting wo arrive at 6a, 6r?. 

Now consider M particularly. It gives us 
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M 

= ^>2. 

oOb 

«') 03 , 0 


«0 00 , 0 C’"' 

?e' 

')0O 

. 0 

w'‘ 

1 


-02. 

1 

«’)03.1 


«’') 00, 1 (”' 

tv’ 

')0O, 

, 1 


M' 

= 03. 


«’) 03. 0 


«'') 01. 0 

', te' 

')0r 

. 0 

w" 

') 


-03. 

l(^. 

«’)03.1 


«’')0., 

w/ 

')01 

. 1 (0' 

?e" 



' =00. 

0 

- ) 00, 

o(^’ 

1 '. 03.0 

O'l" 

, te/ 

'')0.3. 

0 1'^' 

", w. 


-00. 

1 

«',)0o. 

l('’ 

«'l') 03. 1 

(^' 1 " 

^ '^’i' 

') 03. : 



m; 

'=01. 

oO’i 

. «'i) 01, 

o(^’ 

1 . ^^'1 ^ 03. 0 

(^" 

» »'i' 

')03. 

0 



-01. 

1 

»t’i) 01, 

1 ('’1 

,'.<)03. 1 

(''/■ 


) 03. 1 


^' 1 ' 


= e' = 

0, ?(' 

=«,■'= 

0, 

^'"== 

: — e 

V''=z- 

— IV ' 




02. 1 

=0, <j)^ 

I. 1 

= 0. 0„. .=< 

0J 

l. 0 

=0, 




Now let 
then 


and the equation becomes, suppressing the accents, 

<l>\. 0 <P\ 0 C’. + „ ¥\. 0 C', „ (r, y) + fi. , f,. , (r, M’)*, 

whence 

1= _ nf'., oC'' W ) «?>\. » ') fj.j/;, , ('VO . ] 

f',, 0 fo. 0 (’'• «') •yS, 0 f',. 0 ( 'S "') V;. 0 '/'“o. 0 ( ’ ! 

and similarly from Sc? and 12c7, ^ 

1 _ _ = . f'.., ) , ,0^, , 0l . >" ) ^ 

<P\ a 0'o, 0 (^’. “') 0^, .< fo, 0 l'’> 0%, a 0'„, „ (*’» «’)’ 

1 _ 0°«. ^ 0'., 0 , fo, a 0 W . £l..i 0' 'O < 

<P\ a <P\ 0 (»'• «') 1>\ a 1>\ „ (»’> ) 0'., a <l>\ 0 (”> «')■ ^ 

In like manner we obtain from the Table, by causing the argument to vanish, 

o + 2 = f‘o, a + 3’ ) 

0\, 3-0‘i, i=0Vo+0V 2=0‘o. :.+0^, I . . . (B) 

0\ 3~0\ a = 0\, 0 + 0 * 0 , 2 == 0 '‘o, 3 + 0 * 0 , n> ^ 
0\,o0\.3=0\o0\,.-,+0\,o0**o,3. ] 

0\, O0\, 2 = 0 \o 0 ''' 2 , 2 + 0''*n, o0“o, o< <■ (^) 

0*3, 3 0**3, S = 0'*3, 3 0\, 3 +0*“o, 3 fo. 3> ^ 

with twelve similar equations, which will be found on p. 41 7. 

* Because ^ 3 , ^{v, — which may be proved thus. It is seen at once 

00 CX) n 

that E,*0(n) = S«0( — n). Hence ^3 j (v, w) = — 2mA, q), 

-X) -00 -00 

00 

or 01. -i(~ = — 1/>— 2wA, 7)= —0.,, 1(0’, ^0- 

-QO 
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Section 8. — Eosenhain points out that by means of the Table ho is able 
to obtain thirteen out of the fifteen ratios in terms of any two of them. 

He selects for that purpose the ratios and ^ ; he then 

«, 0 (^^ 0 0 , 0 

introduces the new variables and .v^, and assumes 

whore 

X" = " == 2. n 


p\ . r. 


r-s, 0 r., : ^ r,, o fa, : 


//■^ :_ f /iiJL-fillJ ^^2 _0 0, () (I, -2 ^ 2 0 0^ 0 0 0> S . 

0 a, 0 a, a 0 a, u 9 2, 2 ^ ^ 0 a, 0 0 a, a 

whence it follows from equations (C) that 

/r^ + Z’^, = l, A^d-X‘j = l, ;i‘ + /?, = !, 

and from e(jiiations (A), that 

f 0 (*'> “') ^ 


<l>\, n (". W) 
?Ai, ,.(*'> ®) 






x\.=A'''-X', - fi'\ 

Roscnliain also (p. 423) shows how the remaining ratios are to he found. 
I shall write down three of them, denoting 

.r(l -.r)(l — ZAr)(l - X\t){ 1 - ij.\v) by E(.r). 

- ^X) 

<P\, 0 (»’’ w*) “ 

r , \ “ 

I (1 -XV,)(1— /i'a;,) - (l_ aV^)( 1 f 

<P \. . (*'■ «’) _ X(1 — r,)(l - .r,) (l-X^^,)0 -X°,r,) 

f J. 1 ' 

I ( I -,r.)(l -XV.) - (1 -a'.;)(l - XV,) | ’ 
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— \^r,)(P— XX) 

<l>\, 0 (*'> «') 

t a;,(l-X^r,) - .r/1 -Wv.;) | 


Now if we introduce two new variables, (it) and («'), and assume them to 
satisfy the following two equations, 




-Xnr, 


x/Ihr, 


d.v. 


1 — X‘.r^ 


(Lv„ 


du’ = 


l-u\i 


— ^ ’ da' 4 - — 

X^Ua^ 


- d.v , 


we shall obtain, of course, 

= (1 — d.r^ _ __ (1 — X \r 


_ (l-Ai-g -, ^ ( 1 - X-.r , 


when we remember that 

(] -\\)0 -M~0 -y%)(i-^\)= 

(X=-/t%r,-.r,)=;t\(.r,-.r,). 


From these equations we are able to obtain 

d V a\x^ V or^^v,^ ^ W ( 1 — .r^ )( 1 — .r^) V (T — tr, )( I — x„) 

du ’ du' ’ 


-wO 

VvoO'S '^0 

are able to deduce the following expressions : 


in terms of .r^.r^ ; also the ratios >[ give us relations, from which we 


dV.iyr, 

VZ-X^ • 


f, ^-1, -I C'> « ’) 


c^Vayr^ _ _ X,X^. ^ (v,^) <p^ w) 

^ </«' “ 2fi^ „ (f, w) ■ (j>^^ „ (V, w) ’ 

^ V (1 — a;,)( l— j?.,) _ _ ^ . </>3 . a (^> ^') 01,3 (f,^’)^ 

x/lc^fj, du ~ 2fx^ „ (r, w) „ (y w)’ 

V (1— a;j)(l— _ Xj _ 02, 2 C> *e) 0^, ^ (v, w) 

V/yX,/i, </m' ” %x ’ 00, 0 K *0 ?'o, 0 (^y 


Section 9. — Rosenhain deduces from the Table the following equation : — 

i03, 0 03, 0 {01, 0 + w+w') 0„, „ (v-v’, w-w') 

-00, oC+^'» w+w')0, „(v— y', w-w')} 

= 03, 3 Ct w) 02, 2 («^, w) 00, 3 (*''> w') 0, , 0 («^', w') 

- 02 , 2 (^. «') 03, i C) w) 01, 3 00, 3 C. ’")• 
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Expanding this in terms of v', and equating the coefficients of v', we have 
at once 

•t>2. 0 08, 0 0?, 0 (^. = 00, 8 0'i!’XO. 0) 08, 8 (»’- «») , {V, w) 


and similarly, 


dv 

— 00, 8 03, 8 (^8 "') 08, 8 (t'8 W ) ; 

^ 0.,o O’8W) 


08, 0 08. 0 0\. 0 (»'. ■’ 

- 00, 8 0'S”8 08, 8 (’'> «') 08, 8 

^.08, o(”> W) 

08, 0 00, 0 0'o, 0 (’•'> «') = 08, 8 0'!’’? 08, 3 •") 0,. 8 (»'- "') 

— 0,., 8 0''”^ 0'8, 8 01, 2 (»'’ 

o7.02,..oO’> «’) 

08, 0 00. 0 0'''o, 0 (I’l ”') ^ = 0.1, 8 0'S 0.8, 8 O’, V}) 0,^ , (81, 8(1) 

-08, 8 0'S 08, 8 01,8 0'.“'); 

and substituting in these equations the expressions we have obtained in the 
last section, we have equations of the form 

d\^ dVA\x.^ dV 

“OZii - + ® 


dll! ’ 


d V _ dV x^x^ d l y/ x^x 

dw " chi dll' 

where A, B, A', B' are certain constants ; and we have two similar expres- 
sions for 

d\^ (1— V" (l-a? J(l — .r j 
dv ’ du 

whence we have 

du=:adv 4- hdwy du' = a'dv -|- h'dtVj 
by properly choosing 

a and a', h and b'; 

and therefore, finally, 

adv 4- bdw = - ■ dx^ -f - dx^, 


^^lix' 




l — p,\v 1— 


a'dv + b'dw = — dx, 4 dx^ 




v^Ro?, 


Hence our formulae give us the solution of the hyperelliptic differential 
equations. 

1 Rn. T 
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Eosenhain, in the last part of his memoir, proves the remarkable equation 


o 

1 

c 

dx 

r® d.v 

p xdx 

J -00 

Jo 


l;2 

8 

1 

J 0 

1 

1 


1 

1 

xdx 


dx 1 

p’ dx 



‘i 


1 , VjS , 

J^VKr ’ 


A- 


k‘^ 

A2 


a formula much used by later writers. 

Section 10. — We now proceed to consider the method of treating the hy- 
perelliptic functions proposed by Gopel. His justly celebrated paper in the 
85th volume of Crelle’s Journal presents very few difficulties, which will 
make our analysis of it shorter and easier. He commences with the sixteen 
series of which the analogues have been used by Kosenhain, and writes them 
thus ; — 

e V (w,w)=2( — 1) e ' ' , 

j-u +? u p, sajxie expression), 

rit -{-ru p" ^the same expression), 

ru +? u . 1 . (the same expression), 

ru^’\-r'u'^ , ^ r(n-l-r(2a-|-l)K-|-2/>L)2-(-r'(w'-f(2a + l)K'-|-2^L')2 

€ iQ (?(, w) = 2(— 1) e , 

€ Q (w, w) = 2( — 1) (the same expression), 

^ru +ru (the same expression), 

€ Q!''(u, w )=S . 1 • (the same expression), 

ru^-hr'u’^ r(2^-f2rtK4-(2Hl)h)"+^'(w'+2«K'+(2Hl)h7 

e iE (tc, w) = 2( — 1) € , 

e iE' (w, tt')=S(-"l) (the same expression), 

j-u ^-Tu w')=2(— 1)^ (the same expression), 

€ E"'(w, w')=S . 1 . (the same expression), 

r(t^+-(2a-hl)K+(2Hl)h}H^V+(2a+l)K'+(2Hl)L7 

e o (W, W) = 2i( — i)€ 

T'U'^ -^T' v/'^ i 

e iS' (w, 'a')=2(~l) (the same expression), 

ju +rw w')=2( — 1)^ (the same expression), 

€ S'"(^j w')=2 . 1 . (the same expression). 

where S applies to (a) and (h) and pxtends from — oo to +qo . 
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It is easily seen that if we change u, u' into w-f 4K, or into 

w4-4L, u'-\-4L'j all these scries remain unchanged. Hence they are doubly 
periodic. Moreover their ratios are quadruply periodic ; for after removing 
the common factor all the exponents of e in numerator and deno- 

minator are linear in uu. Hence it is easy to prove that if u, u arc changed 
into 2^+4A, u-\-4k! when 

^ ttL'/ ttLv 

“"4;^(KI7^rL)’ ~ 47^L' - K'L)’ 


or if 11 , u arc changed into tt-j-4B, 4B' when we have 


B = 


ttX'; 
4r(KL'-K'L)’ 


B'=- 


ttIv/ 

4r'(Jvi;Ain:y 


the ratios of these functions remain unchanged. 

If we suppose w, n to be augmented by the semiperiods, the quantities P, Q, 
&c. sometimes remain unchanged, sometimes change their sign. The resulting 
values are expressed by G6i)el in a Table, where the first lino gives us the 
increments of the argument, the remaining lines the resulting signs, thus : — 


2A, 

2B, 

2A + 2B, 

2K, 

2L, 

2IV-I-2L. 

+ 

-i- 

+ 

— 

— 

4- 

4- 

+ 

-h 

■f 

— 

— , 


and so on for the remaining fourteen series (Gbpcl, j). 282). 

When we suppose uv! to be augmented by the quarterperiods, P, Q, &c. 
are changed into other functions of the series, as is expressed in a Table, 
where the first line, as before, gives us the increments of the arguments, the 


remaining lines the quantities into 

which P, Q, &c. are changed, thus 

A B 

A-fB 

K L 

K + L 

P 1 P' P” 

P'” 

/Q /E 

S 

Q Q' U" 

Q'” 

^P -^S 

-11, 


and so on for the remaining fourteen series (Gbx^el, p. 283). 

Gdpel next gives a Table of the values of a, a', which cause P, Q, (fee. to vanish ; 
thus Q vanishes for 0, B, A + L, K-j- L, B -f L, A -f- K-j- L ; P for K, L, A-f L, 
B-f-K,A-l-K + L, B-I-H 4 -P ; nil the functions multijdied by (/) vanish fori^ = 0, 
a' = 0. I may remark that the vanishing of functions 6 has been treated in 
detail by Eiemann, in the t)5th volume of Crelle’s Journal. We shall refer 
to the three Tables described in this section as Gopel’s first, second, and third 
Tables. 

Section 11 . — Gdpel next investigates the algebraical relations between the 
functions P, Q, &c . . . . In doing so he makes use of the following notation. 
If in the functions P'", Q'", 11'”, S'”, 2r, 2r' are written instead of r, r\ the 
four results are denoted by T, U, Y, W. When in these functions u and m! 
vanish, the results are denoted by u, v, w \ consequently u is used in two 
different senses in this paper. I shall endeavour to guard against any con- 
fusion arising from this. When u, y! are put equal to zero in the functions 
P, Q, E, 8, P', P”, &c., the results are denoted by <zs-, Ic, p, <r, m, ®r”, &c. 

Then by direct multiplication the following formulae are arrived at without 
difficulty : — 

P^=:^T-wU-vy-l-w;W, 

Y 2 
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and fifteen more precisely similar formulm for 

F, Q, &c. (p. 287). (1) 


Putting the argumcuts u and we have: — 

— and similarly for \ m "; ''' 
F^=2tu—2vw, and similarly for ; | 

lc"'^=z2ivi-\-2vw^ and similarly for ; 

lc'\ p, p y (t\ (t" vanish. 


From these wo easily deduce the following : — 

==p""' + 

'2 ''a 2 HI2 '' 27.'2 '"2 2 

*w ^ — 'UJ 'w — (T (J j 'ZtT /i- 'ZtT h, — p (T ^ 

2 i<>2 '2 "2 1 < H2 2 2 ^ il2 >"2 2 1J2 >>2 

'CT p — 'm f) =:fc (T , 'm (T — 'ZZT (J ■=^k p , 


• (3) 


with many similar formula) (p. 288). 

From formulae (1) we easily see that we have an expression of the form 

P-=aFH pS'^+ yF'H 


by putting the arguments xi! equal to zero and the quarterperiods, we 
determine a, ft, y, and we find 

- W'^)F = - p" + A*' 

with similar formulae for S^, P"'^, &c., also in terms of 

P'-; S ^ P''^ S"‘ (4) 

Gopel next investigates the relations which exist between the products 
PS, P'S'. By means of Table 1 he proves very easily that such relation must 
be of the form 

aPS + 6P'S' -f cP"S" 4 dV'"^”' + (jQE +/Q'E' + ^Q"E" + = 0 ; 


and then, by the help of the second Table, he proves that this equation gives 
rise to the two following : — 

flPS +(^P'"S'"4eQE +W"R"'=0, 

?>P'S'-fcP"S" +/Q'R'-f^a”B" =0. 

By putting the arguments u, u=0, and also, making use of equations (3) 
of this section, we obtain the following two equations derived from the second 
of those we have just written down : — 

15?'"p'"Q'R' « ^"V'"P'S' - ^t^tF'S", 

A:'"p"'Q"R" = - ^^rP'S' + m'"(7"T"S". 

Squaring the first of these equations and making use of equations (4), 
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F‘ + S'" - ■ ■7 .r„7,V„ + S'^S"*) 

fc p *as •w 

+ T^(l’'"S'"’ + P'S") -^yC-"p"’8"‘ 

+ r- + 8 " - 

In a similar manner the following equations are obtained : — 

- FS^) 

7»'"4 I '"4 7»'"4 1 '"4 

= {P'" - P'^'S'^ + S'"} - {P"" - -^;,vl7^P"^S"'“ + S""},. . 

(P'"S'" + PS)^ 

(w'"o-'" + ®rjry‘' 


V’^n 


(P'SP'.J ^ ^p.2g..2 


(A) 


(B) 




'VstT'm" (r'\ p"^) 

77v 

'nr‘''cr ‘/r p 


^2 '"2 j_ ^2'' 

W 'ZZr -j- (7 (7 


P’P"S'S", 


(C) 


(P’"S'" - psy-' = (P''-'i’"“ + s'=S"n 

W 'ZtT 


A p 




'WCT'tzr + , 'ZS'^'Et' 

'~'2 7,'2 "2 "• '2 ' 
tU 'VT L p <37 CtT 


+ (7'(T 


r'""\ 

- JFF'S'S". (D) 


Section 12. — Equation (A) gives a relation between S', P", S". Gopel 
proves that no other relation can exist, of a purely algebraical nature, 
between these quantities (p. 292). He consequently investigates the rela- 
tions which exist between the differentials of those functions in the following 
way :— 

Putting 

lOi e , 

^ ^^r(a-f(2a+l)K+(2/; + l)Lp...^ 
we have 

where 

a-\~a^^Yiy = 

Cl ^ f 


this is easily seen if we remember that 

(^1 ” — ^i) "I" I "h (^ + "P (^ + + 1 4" 2a 4- ij 


and also that 


2(a-a^ + i)(6--6^ + ^) + 2(a4a, + ^)(6-p^jH--i) = 4rq/>j + 4aft+2a + 2i+l; 
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and then it is seen without much difficulty that 


- S'c^P') =«,T. + + d^W„ 


■where T,, Uj, V,, W, are tlie values of 

^ 2r(j(+(,,+^)K;+(0+5)L)" 
lie 

71 odd, &c. 

Hence we find 


when 6 is even and rj is even, 6 even and 


PV?S' - S'(?P'=aPS + 4- cQE -f a^P',S'4- 

d-c,Q'R' + (?^Q"R", 

where such quantities as P'Q are excluded according to the law given in 
page 290, and a, h, &c. are of the form fdn where f and f are con- 
stants. But since Q'B', Q"B" can be expressed in terms of P'S' and P"S", 
and also Qll, in terms of PS, P"'S'", we shall have 

P'(^S' - S'e^F =aPS 4- />F"S'" 4- 4- ^>^P"S". 

Putting n4-K-}-L for u, we have 

P'f/S'- SWP'==aPS4-/>F''S''' -a^P'S'- . 

whence 

PV^S'«SWFrraPS4-^>F"S ' ; 

and changing u into tt4- A-fB, 

FVZS" - S'V?F' = fyF"S'" + />PS, 


the coefficients are easily determined ; and we have, finally, 

PV7S' - SV?P' =P''f ^^'’PS + F”S"', 

p" Ic" h"’p" ’ 

P"f?s'' - S"c^P'' PS. 

P Ic p 

SecUonl ^. — We shall now show that from these equations the hyper- 
elliptic differential equations can he deduced. We shall give the outline of 
the calculation, referring the reader for the details to the original memoir. 
Prom the equations last given, we have 


(PV?S'-S'c?F)4-(F'c^S"- S"c?F') Ic^df/ ^p^'dh" , 

p"'F" 4- PS ~ V''fr 


( P'^S' - F JP') - (V”d^'' - ^"dV') ^ Tc'dp’-p”d¥ 


Putting 


F"8'"--PS 


8' 


1c'" p" 


•=.dv. 


57 =P. 


8" 

577 


P' 


F"S"'4-PS 

P'P' 




P%S'"-PS 


FP" 




the last equations are transformed into the following ; — 
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$dp-\--dq 


sdp — -dq 
s 


Also, using the same notation, the last four equations of section 11 may 
he written thus ; — 

( 1 - 2Ep=^ + p*) - 2(r(l + pY) - s" 

+ (l-2Er/+<^^) = 0, (2) 


2 VE^-1\0^=(1 -2Ep^4-i^V-(l--2E^^4-2^)-. (3) 

f=(h-\- h^)(l-\-pY) - + 9") +2(c - c^)2^q, (4) 

\p^=(h~-h^)(\ +i>Y) - ci(pYf) + ^(c-\-(\)pq, (5) 

where E, E, a, h, &c. are constants, whose values will be found in p. 299 ; 
hence, by addition, we find 

2_r(lH-i> V) 4- ^Dp9+ ^ E-^- 1 . 

i — 2Ep^-{-j)‘^ 

2 ^E (1 4 -/>Y‘) — + 1 . <j)\p 

^r-^2E^7+Y 

Moreover equations (1) may be written 




/ dp , (' 

\2A2>2Aq}^ 


iJ_( j!p_ , j}9\ , V 

\p \2Ap‘^ 2Aq/ 

Putting here ^'t/Az-^zA^/ 

P — - o 2* ’ 

l^yz 

where also 

Ay = V 1 — E^'"' + y\ 
and remembering that 

dp dy dz 
Aj^ ^ Ay Az' 

we separate the variables, and obtain 


Putting here 
where also 


sAp — 

K 

sAp + 


Aq\ 



zi 

(J^JI 

\2Ap 


Ag\ 




( 



\2A2> 

2A7/ 


yAz—zAy 


dq dy dz 
Aq "" Ay Az 


V {2(F+ 1)} ^ _<2kf^yi )\/ (l - 2Ey + i*) 

V { 2(F - 1 ) -2^^+^ ) ■ \/(l - 2Ti??+y) 

+ V {2(F+ ] )1 A = -Jh^rrh , 

-I-V1 (. -r ^(i_2Ev^ 4.;..) V i_ 2 E,r''+r‘ 
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where 

C-E-D 


-E-D ^ 

r_i r+i “ 


C+E + D C-E+D_.^, 

F+1 =^»’ 


If we put g^— y''* 

‘ “1— «y^’ 

where a is a root of the equation 

l-2Ee'‘ + e^=0, 

we are able to deduce 

By this substitution Gopel remarks that we obtain an equation perfect in 
symmetrical form with respect to the variables. And, lastly, putting 

he equations become 

dx Vi — m,^x dx' Vi— m,/c' 

~cr)(i —mx){l’—m^x)) — WjO’')) 




dx 1 — 


dx V\ 


V — .r)(l — s / — n/.r — 


B q- 1 


E,+ 1 

E-r 


Hence the solution of the hyperelliptic differential equations of the first 
order is easily obtained. 

Section 14. — In connexion with this part of the Keport we may consider a 
very beautiful method of integrating a certain system of hyperelliptic differ- 
ential equations given by Jacobi in the 32nd volume of Orelle^s Journal. 

Let 

. . . ±Y„=E:^H2S?/ + T=0 

be an equation represented in two different ways, where Y, Y^ . . . . are, of 
course, of the second, and R, S, T of the Tith order in y and x respectively. 
Then this equation, differentiated, manifestly gives 

dx I 2dy 

% nXV-^ -Jn ^)Y’ ^ 


Let x„, be one of the n roots of the algebraical equation ; then this 
gives us 

=0 
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which, if 


/(a;)=S“-~llT, 

gives rise to the system of differential equations 


dcc^ 

dx^ 

dx^ 

dx^ 


4 ^ 

1 4. . 


a\da\ 

ir,/dx. 

xAx, 

x^ftx 

1 1 

+ /A 

+ AA + - 

’ -cA,. 




= 0 , 

= 0 , 


Now let 


4 . 4 . 


+ 


f-v,, 


i* = 0. 


/(.r) = M*+N“-A 

where M, N, L are three rational and entire functions of the nth order, 
since 


M^ + N'''-I/=M^-(L+Nj(L-N), 


But 


A'p may be regarded as the w roots of the equation 


(L-f-N)/+2My + (L-N) = 0, 

or 

L(l+yO + 2M^ + N(l~./) = 0, 


which may be written 


L = M sin d + N cos dy 


where d is a new variable. Substituting .r^, . for cc in this equation, 

we obtain a system of equations which may be regarded as the complete 
integral of the above system. 


Part III. On the Transformation of Hifpei'clliptic Functions, 

In considering the papers of Kdnigsberger on the transformation of hyper- 
elliptic functions in the 64th and 65th volumes of Crelle’s Journal, it will be 
convenient in this Eeport to follow his division as to sections. We commence 
with the paper in the 64th volume. 

Section 1. — Kdnigsberger assumes the following connexion between two 
sets of variables : — 

'a^=2Ki iVj4-2Ki 2*^2 4" • • • • +2Ki pVp, 

ti^=2K2,it^.^4-2K2,2^'2+ +2K2,p?^p, 

a= .... 

Up = 2Kp^ 4- 2Kp, 2^/2 + + p^p» 

(>i.dq4-02.2W2 + +C}^p.iWpp 

^' 2 = Cri,2^^i + Cr2,2^2 + +^^P.2V 

a= .... 

Vp= "f" ^2 ,p^ 2 4" • • • • “h^^p.p^p? 
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also 

^,P=2;G,, K'i,p+2iG,, K',_p+ .... +2iG^,,K;.^; 
and T To ; then function 0 is defined by the following equations : 

a, p p, a ^ 


%!+/’„ ■ • • •*'p+Pp) =»(’', ’'i- • ••»;)> 


( 1 ) 


+ a- • • + . . . W^), . . (2) 

whence 

• • •%) = 

j(»'i(2«'i + >'i>’i.i+ • •+>'p’'i.p)+>’2(2»2+»'ir2.,+ . •Vprj,p)+ . .i'p(2Pp+v,rp, ,+ • • Vprp,p))«j ^3^ 

It will be observed that these assumptions coincide with those of Weierstrass 
(Crelle, xlvii. p. 303), and which wc have given in the lleport (Brighton) for 
1872, p. 345, by putting in the formulae of Weierstrass 27 rv^, . . .2ttVp 

for v^y . . . • ^'p> and 2(1^^ ^ . for ^ ; then it will be found that Jc and d 
are equivalent. 

We easily obtain from (2), 

0(v,+wr,^a» = . . Up)y 

and 

0(^1 + Vl. 1 + ^’ ^ 2^ + i + • • • • ) 

and writing 

’•a = Va,l + Va.2+*' 

+ + + v^). 

This assumes, of course, that nj,n.^, . , . ,7i^ are integers ; when they are not,, 
Kdnigsberger assumes another transcendent, as follows ; — 

Sn (2v -j-r )7r . 

£ -0(,;^ + r„t-p+r„ ....tip + T-p), 

and calls it 6(v^v^. . . .v^ n^n,^. . . .n^). 

Then we shall have, if ’•V=«'iVi+«>r.2+ ” Vv,p)' 

+ + • • •^«2- • • .«p)=e^”.(2c^+2/ f r’, + r, . . , . ) 

£^”.(2c^+2r;+r; ^-A\+n' 

(remembering that 

■-n\2v 4-r');re . 

= e ^ V fi(^, -‘V ^ + ••)• 

Kdnigsberger furthermore assumes transcendents with the notation :— 


also 


0iyi^2- • ■ • • •’^p+iWp ; 4«^. . . .^ftp) ; 


• • •«'pX,p=0i(«i + 4’«r- • • •*'p + >;; irrq .... n"), 

where »»"=TO^ +»»;;• (mod. 2), (mod. 2), and nj and wf &c. 

are given by the Table, p. 20. / 
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Section 2. — We here supply the proof of the leading theorem given at 
tlie commencement of this section : — 

= 0(Wi + |mt+|«S', + ln\, .. . J«^), 

= '^' ^ ^ ^ ^ + + + + + 

■ ■ • •«'p + ’-p + 5»»p + 2®;) 

^ ^2i<(2»V+«t +< + I +i«k, 2+ • ■ • • )’ri_ 

0(v, 4- ^ i +P, + imf + ^ ^ 

^ + 1»4 +/), + 

^. + 22''>8,„+2»'':;+i>,4-2< + i:?.73,, + SiH^r., . . .) 

^ i+5«tv 2+ • • 

AK+<+~K^., a+^Sa-Ty, 

f>(«l +2i'<r,^^+ l»)t+ iwr + ^Kn,. 

^2 + 2 \n% ^ i »«2 + 2 K + 5 a 

^3+2^><^r3,,+ i,>4+i<«(^ + 2X^3,. •• ) 

_^'^iK('^'>’y+K + ^y+i”^l%, 1 +i«2’’..,2+ ••)” 

g- S?/2;v+ ^+S?^r^_ 

sil?/ +»^)(2 (v+otJ +w;; S(«^ +«^), 7-^. 

(remembering that OT“=?n^ + ?)(^ (mod. 2(’) 

_ ^S-2«^(2w^ 4-7n^ + 2/7^ +»«;;+ i:(2j'^+«^) 

^-5:K»t+<)(2r,+7«^+m^+§2(<+<)7-^,j7r2_ 

^ ^ y'. ^ ,r v,a> . 

_ g-2(?^+^0(2«'p+(?i+4«i)r^.l + (?2+i’»2)’’v.2+- O’ri 

(remembering that S 2 ^SM^r^,,= 4 Sq'<,S<r^ ,^+iS 9 ^S»^r^ 

—^(9y+i^yK2\+(9i+i^‘i)Ty i+(g2+i^2^^y,2'i' • • )”■* 



332 


REPOHT 1873. 


a result substantially the same as Kbnigsberger’s, although it seems to me 
that there is a misprint in his paper. 

To illustrate the Table at the bottom of page 22, I observe as follows : — 
Referring to the Table at the foot of page 20, we have 


0 , 


iO + i) 


which agrees with the expression given in the Table by Kdnigsberger. The 
reader is requested to notice that Xdnigsberger writes = a 

notation which wo shall have occasion to recall hereafter. Eor illustration 
of Table, p. 23, see remarks at the end of next section. 

Section 3. — This section opens with an expression for 


-Mp + Vi.i- 0(«,-2«V -Wp-F'p- ■P’-i.r •P’-p.p)’ 

where, it will be seen, a change of modulus is introduced. We proceed to 
prove the theorem, as it is enunciated without demonstration. 

Recalling the value of (0) given in Section 1, this expression is seen to 
be equivalent to w^hcrc 


-h&c. 


-f (2yp + 2(Tp)Up + (2rp - 2(Tpi>)Vp + ( rpr^ +jf>o’p<r, )rp^ i -f (yj +JPo'p)rp^ i + . . 

Now put 


(ri=n^-5i, ^, = ^3-53 ...., 

which we may evidently do, provided that we sum with regard to u . ,Up 
from 0 to p. ^ 

Now we easily see that 

v,t', +p<r^lT., = +2>(p + 1 )«jn^ } 

+ { SiM. + s.f' , + s A( jP + 1 ) } , 

the three brackets corresponding to the three factors in the following expres- 
sion constituting the second member of the equation 

6(u^-\-v^ . . )d(u^—pv^ . . jd" • •)'b/^3(/^]’’2,i + • 

where P = 


{«i((2(2> + lK + ^“+20i,pr..,+ • • +/^pP’-,.p)+p(p + l)(n,r,,,+«,r,,,+ . . 

+ w,^20) + l)u^+-J^ + 2(/jprj,,+ ■ i+fipT.„f)+p(p+l)(n^T^,^+ . .)^+ .... ]^i, 
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Q= 

{s,^2(p + l>,H--^ + 2(/iri,,+ . •/*pr,,p) + (;)+l)(s,r,,i + Vi,a+ • ■ )) 

+ Sj^2(p + l>’^4-'^“-“ + 2(;jjrj_j+ . •/<vr^p) + (i> + l)(«,r^,,+ • .)^+ }n-t, 

from which Konigsherger’s formula may immediately he derived, where, 
however, the letter i must he exchanged iu several places for the number 2, 
for which it is plainly intended. 

Putting 23 = 1, and multiplying the exponential partly into the function 6 
in u, and partly into the function d in Vy and recalling the definition of 

eO’.*-,. . . .I’p, »m,«,Wp) 

given in the first section, we have at once 


"p ' p’ '’i.i ■ • ’’p.p) 


+ .rp,p)0(w^-r, . 

= . . 2?ip, ^Ti,i ■ .2vpy • * ^’’p.p)* 

A formula is next deduced for 


). 

We have moreover 

6{u^^w^. . . .Wp-fw'p, rp,p)afiK Wpr,,,. . . .rp,p)a 

= 2d( 2w, + 2wp 4- Wp, . . . . i/^py 1 • • • • rp, p)Q^, 

where is not connected with v. 

To prove this, we observe that, if we put tJj = 0 in the last formulae, we 
are able to show that 


+ -^1, f) 

=e^T(2«.+|'V 1+ • • +”i^r. p),X^'(2«,+2» + 1+ . . . .4 p,p)« 

2e(2M, + w, + to“+ W,r, J + . . 2?«^ + w, + TO^ + J . . . . I/Ip . . 2rj_ , . . 2rp_ 


But 


e(2M, + w, + m“ + n,r,,j. -l/i,. .|/ip. .2r,,,. .2rp_p) 

=Pre"^^-'“‘'0(2M. + ».,,2it,+w,. .1/1.. .|/ip2r,,,. .2rp_^). 


Combining these two expressions together, we see that the theorem is true. 

From this equation, by using 2^ values of (a) in succession, and elimi- 
nating, we may obtain each of the 2^ values of ' 

0(2^1 4* Wj. . . .2wp4^p> 2/^1’ * • • ^’’i, 1’ • • •^’’p>p) 

corresponding to the 2^ values of . . . . fip in terms of a series of functions 
of the form 

e(u Mp, Tj,, Tp,p)a0(M + M', Mp + Wp. r,,i rp,p)a, 

whence the formula above mentioned for 

fl(Mi+t/,+«/, )0(«,-''i ) 
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will become, by the substitution of those values, 

+ + + + r,.,. . . .rp,p)0(M, -t',. . . T,,,rp,p) 

= S(a)0(«, «p, r,., rp,p)„0(«, + w, «p+*V ’•p,p)a, 

a 


where the coefficients (a) arc to bo determined. 

To determine these coefficients Koni^sberger adopts a method from Wcier- 
B trass as follows. 


Taking the ratio 


^ and remembering its value as given in 

6(i\v, Cp) 

eierstrass'e paper (Crelle. xlvii.), or in the first section of the pa])er we are 
now considering, we sec that it will be infinite when one of the (juaiitities 
oTj, ^ 2 . . . .a-p is infinite, and zero when they become ('(jual to 

From this Kdnigsberger deduces the two equations corresponding to the.sc 
conditions : — 


and 


. . .f'p) =0 to the first, 

. . .t'p)^=0 to the second. 


which last may be written 
-f . . . . 

tv + i>«'p + . . . + imf + +....+ J » 

in\ +. . . . . + . . , . . , , ) = 0 . 


Kdnigsberger then states that, if the symbol (1 . 3 . o . . . . 2p -- 1 , e,€.,ep) is 
called €•, and c being supposed to be any whole number, y equal to every 
symbol of the form ^e, and therefore taking 2^ forms, then d{i\v,^„Vp),yy,z=i), 
when . . .Vp vanish, y and y" being different. To show this we remark 
that the increments of the arguments . . .Vp are partly numerical, partly 
consist of definite integrals. When y and y" arc different, the numerical 

part becomes entire; and therefore when Vp vanish, d vanishes by a 

proposition of Weierstrass for the expansion of 0, when the arguments are in- 
creased by semiperiods of definite integrals. (Sec (^rellc, xlvii. p. 30.) When 
y and y" are the same, they counteract each other and produce no effect. 
From these considerations Konigsberger deduces the values of the coeffi- 
cients (a)*. 

I shall illustrate the Table, p. 28, by deducing from the last equation 
ofp.27:— 


0A.4P.Q» =P> ?4 . +P„P„. . <?0. 4 -1\ Pu , 4 4 <?., 3 ?3' 


Put M/j = - Vj in the equation mentioned, e- =4, a = 1 , /3 = 5, 6(v^ -f ic, 

becomes 0(v^v . . . . \ ^ ^ (see remark at the end of our remarks on sec- 

tion 2). Since we are dealing with hyperelliptic functions of the first order, 
Cj and e. will become 0 and 2 ; hence y becomes in succession in the four 
terms of the formula, 5, 0, 2, 02, yafi (omitting f}=5 and y = 5), 1, 01, 12, 
012, or 1, 01, 12, 34, as we shall see, aey becomes 145, 140, 142, 1402, or 
14, 23, 03, 3 ; fte'y becomes 545, 540, 542, 5402, or 4, 04, 24, 13, which 
give the indices required. 


♦ Konigsberger has been very brief in t^is paragraph from Weierstrass. I am not sure 
of nis meamng. I hope to add something in the Supplement. 
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To make this more clear I add the following proofs of some of these equi- 
valences (see Table, p. 22) : — 


=0(*'i - 1-2. 0, O)=0(v,^,v^- I, 0, 

= | — V^ — l, l + i. ^ + O) = 0(J.,, Vj — 2, 0, i)=0(v,t'j),. 


The other formiilie in the Table may be proved in a similar manner. 

Section 4. — Kbnigsberger in this section gives the following theorem 
(without demonstration) : — 

If 


then 


6(m\n^ -\-a^ + cr 

— 2)|/~ \ ^tuv\-2>Ui, — (SjT*/, j 4" • • • • "bSpri/, p) } TTZ 


^ (Ai + SjTj • • "b p) . . 'Wp -j- “b * -^p^p.p)^ 
= Ce(nij. .rrp,p), 


where the summation with regard to the indices . . . . Hp extends from 0 to 
r- 1, and r, A, S are given by the following equations; — 


4- .... 4- = r, 

+ ....+ = S,. 


T have worked out this theorem for hyperellii)tic functions of the first 
order; and it appears from this that the demonstration for hyperelliptic 
functions does not differ in principle from that for elliptic functions. I shall 
therefore confine myself to elliptic functions, as the length for hyperelliptic 
functions is extremely great. 

Putting then p = l, the theorem becomes 


2 ,-";( 2 r«+ 2 «-S,r, I _ 1(A, + S.r, ,)) = Ce(ru.. .rr, ,). 


For \ = 1, this equation reduces itself to the following — 

_ (a+sr,, ,) + a : s))=C0(m^«„ m \^ .), 
or 

0^mu + ~ ^ = i), 

which leads at once to the equivalence 

2 5 


Put in this equation where fi is less than m. Then we have 

2j^2^gV(2wM4-^ 4- vTi, i)7rt _ 7ri{2mu + i)^ 
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2n»ri' 


(remembering that 2e m vanishes, except when |li= 0, when it be- 

n 

comes unity) 


— ' , 


which is what we want to prove. 

Taking now the general case for elliptic functions, we hare 


(j)(u)=:B(mu’^a' : . . .0(m w-f : s) 


and 


— ■ • • -wiViy 

It is easy to develop this expression by means of the principles already laid 
down ; and we have, finally, 

2e- r (2''«+2»-S.r,, ,)«^( „ + A, + S,7,_ , )) 

n TV’ 

il^rt 


Vj 

• . +»«V)+2fl2+Sari, 


X 

Putting in this expression Vj=ni^^V4"/i^^^ 
where is less than . . . , we see that the expression vanishes, except 
when /n^^^=0. . . ., and that consequently the expression takes the 

form C0(nt, j). Another theorem for . . . w ) is given by Kdnigs- 
berger in this section. 

Section 5. — Kdnigsberger here gives two series of hyperelliptic functions, 
and proposes to determine the coefficients of the second series in such a way 
that they may be expressed rationally by means of the first. It follows as a 
consequence that the periods of one set of these functions can be expressed 
linearly in terms of the periods of the other, the coefficients in these linear 
relations, however, being subject to the condition 

s(\.k;,-k,,,k;,)=o. 

Section 6. — ^Konigsberger then proceeds more immediately to the transfor- 
mation of functions 6, the expression of 

e(««r • • • r • • • «^.p) ^7 ®(« 1 ' ■■■%. p^i. V p)“- 
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In the theorem of last section, let 




this is equivalent to assuming .'? = 0, m=l, X = n, 

«}=«’ = . . . .orj =0, 

12 p n 


Hence _ n — 1 

and the theorem hecoracs 

+ -i - . tv + j = C0( nu, . . nup , nr,, , . . t^t,, p >. 

We shall apply this to prove the theorem for the transformation of the Abelian 


integrals of the first order given on page 32. 

Put n = 3, p = 2 ; take f^nccessively 0, 1, 2. 

Then 20 = — 3 ) + + + 5 ’ — 

+ tv) + 0(«,tV) + l(>(tt, + 3, t<.^), 

= 0(M,-i ’'.-3)0tw.".')0(”> + i «2+3) (0 

+ 0(«i"2-3W’'i + 3> "-.Aw, + 3- «i+3) (2) 

+ 0(t4,4-i + ’O0(’'i + t- ’'a+s) (3) 

+ 0O'.-5- ’'2+,e0(’', + 3' "s+§) (4) 

+ 0(w,«j)0(«, + 3, t'2 + 3W(t(, + g, “a + .D (5) 

+ 0(”, + 3> «a)0(", + f- «a+^)0(“,+5» «a+l) (6) 

+ 0 (Wj — 3 , t(^+g) 0 (t(,, Ma + s) 0 (w, + ^, ’'a+?) (7) 

+ 0(w,, tV+5)^K''i + g, ^a+|)0(«i + §. ’*a + f) (®) 

+ 0("i + i> + “a + D^C^i + f, ’*a + f) (9) 


VVe see that lines (l/tS), (207), (■‘148') are identical; and the theorem of 
last section therefore becomes 

0(t4|tv)0(t<j4-|, + “a + f) 

+ 0(«, + i> "a)0(«i + §. «2 + i)®(«i’'a + §) 

0(’'i<'a+O0(", + ^> *'a + |)®K + ^’ ’'a) 

= C 0 ( 8 w., 3 tv, :{r,„. 3 r„,, 3 r,.,). 

1873. 2 
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To illustrate the series of equations next following, I observe : — 

0(v, Vp, r,., 

=0(«,-O-O, ) 

=fl(v„ v^—l, t>, ). 

Hence, substituting <'j — 2 in the value of d{2v^. . . .2vp, ■ . -iftp, 

4rj . . .4rp,p) just given, the expression becomes 

4r,„...*4rp,p). ... (A) 

From this series of equations values are deduced for 

0{2v, ...4r,., . .) and 0(2!',. . . . . . .4r,,,) 

in terms of 

0('\ . . .r,,,. . . 


Putting/) = 3 in the tlieorom at the commencement of section 3, and then 
for iq, — &c., an expression is found for 

20(,u, + !’,.••• + Vp, V,. , . . . . rp.p)a0(«, - 3l’, .... 3r^, , . . . . )a. 

a 

Modifying this by the equation for 0{2v^ . ii..4r^ j), which we have 


just mentioned, we have 



20 (!<i + <-,•• . 7-„ 

a 

• •’•p.pU’'i-3«’,- • -Sr,,,- 


=2p2{2(-i):'‘-”'V»,... 

M V 



£ 

■ "^'’p' ’’l, 1 • ■ • • ’’p, P^i^' 



Now we observe here that the index of ( — 1) in both cases is a series of 
negative units, everff one of which is multiplied by a quantity which is 0 and 1 
alternately, Hence, in taking the sum, the expression vanishes except for 
y = 3, and we have, when r^=v.^= .... =rp=0, 


= 20(2m, .. 3r, , . . . . 3rp_ ^)„e(0 .... 0, r,_ , . . . . 

a 

From this we easily obtain, bearing in mind the method by which expres- 
sion (A) was found, 

20(0. . . .0, 3r.,, . . .3r^,^)^^0(O. . , .0, r,,,. . . 

=2(-l)f>"0(O. . . .0, 3r.,.. . . .3r^.,)„e(0. . . .0, r.,.r. . . 


From this formula Konigsborgcr deduces three modular equations for 
hyperelliptic functions of the first order. Since 3p — 3 is in this case 3, and 
as this number is taken with one exception, the number of terras in the first 
member of these equations is 2, the four terms in the second member corre- 
spond to the values t/^, — — 

z2 
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To illustrate the series of equations next following, I observe : — 

^(^1’ • ' '^p* ^7,1* • • •^p»p)«,4 

=0(v^-^0-0, ) 

Hence, substituting ^ in the value of d(2v ^ .... 2vp, .... ifip, 
4rj j. . . .4rp,p) just given, the expression becomes 

i:(-Jf20(2tv...2.p, 4r,.,...f4rp,p). ... (A) 

From this scries of equations values are deduced for 

0(2c, ...4r,,, ...) and 6(2?^ . . . . . . . 4r,,,) 

in terms of 

• •’■i.i-* -V 


Putting /> = 3 in the Iheorom at the commencement of section 3, and then 
for Wj, — &c., an expression is found for 

. . . llp-i^Vpf T*!, 1< • • ' rp,p)a^(^h 3iq . . . . . . )a- 

a 

Modifying this by the equation for . ii..4rj j), which we have 


just mentioned, wo have 



20(«. + i'... r,_ 

a 

. '■p,pU''i-*X 3r,_.. 

• ••). 

^ M 7 

..L\; 


S 

■ *1, 1 ■ • • • '■p, p)5!'- 



Now we observe here that the index of ( — 1) in both cases is a series of 
negative units, evrn/ one of which is multiplied by a quantity which is 0 and 1 
alternately. Hence, in taking the sum, the expression vanishes except for 
y = c, and we have, when rj = e,,= . . . =?>p=0, 


S0(u. r._, "p.p)«0(»i V ^’■>.1 

a 

= 2fl(2«. .... 2w^ : ;7r,, . . . 3r^, ^),e(0 .... 0, r,, , . . . . r,, 

a 

From this we easily obtain, bearing in mind the method by which expres- 
sion (A) was found, 

S0(O .... 0, 3r., ..... X^e(0 .... 0, r., .... . 

a 

=S(-l)f>V- • • -0, 3r., ,. . . .3r.„.,),0(O. . . . 0 , r., .r. . . 


From this formula Konigsberger deduces three modular equations for 
hyperelliptic functions of the first order. Since 3p — 3 is in this case 3, and 
as this number is taken with one exception, the number of terras in the first 
member of these equations is 2, the four terms in the second member corre- 
spond to the values — Vj — i. 

z2 
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Section 8. — This section is very short, and contains some formulas for 
transformation when the moduli are doubled. 

From the equation 


t/j. . . .Up-^Vp, ri,i. . . .Tp,p 


)d(u,—V, ’’1,1 ’•p.p) = 

...2r,.,)d(2v, ^ .... 2r,,... ) 


is deduced by means ajpiilar to those used in the last section, 
6(2n, .... 2«^. 2.., , . . . . 2r^, .... 2,'^. 2r., , • • • • 2r^, 


= -S0(H. + V.. 


^1.1- 






and from this equation one or two other expressions are derived. 

In section i) the application of tljese princi])les is made on a more extended 
scale to hyperelliptic functions of the lirst order; as, however, this is ])re- 
sented in a more (levelo])ed slate in the sixty-tiftli volume of Crelle’s Journal, 
we proceed at once to the second memoir, and shall follow, as before, K(Miigs- 
bergers division as to sections. 

Seclfon 1 , — We now recur to the equations at the beginning of Konigs- 
berger’s first j)a])er. rutting p = we have 


whence 


Uj — --1^1. 1^' “h 2^ 2' ^*1 "1“ ^a, 

,r-f 2T\, = 0, 3^^^, 

,K', , + 2i'G, 


G = 




K, 


(K., X, >)’ 


whence 


2^1,1 ^2, 1 a, l) 

IT "TT IT Tv' ' 


^1, 1^2, 2 ^20^1/2 


with similar values for r',^ r'.^ ,, j. 

The following notation is adopt(‘d in Konigsherger’s second paper : 

K (.r)=a 7 (l — .r)(l — cV)(l— /V)(l 




V 11, y, V K,?/, 


dx, dx 


x^dx , , s 


These equations are plainly connected together ; and, the usual notation of 
Dr, Weierstrass being nsed, we have 
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d(^v V a> y i« 1^ ^ 1 * ^ a}i 

^ i« i> ^ 1, a> ^ 3, 2)3 




^-(i-y,)(i-y.) ^ A =ai(u,u.^K\u)„ 

y-R',(l) (*(*''1. „ r'i,„ r 

V 

where 

h,= 2K,^ .p'.4-:iK,_ 

and t\^ I &c. have the values we have just given, 




V-- 




c-7“ 


r?r 


= a/(««, + /l*(^+e, yu, + a«j+C, t, '«)i- 

V^-(i-.r,)(l-A'^) ^ 0(»'i.''V r,.,, r,, ^, r,,^)3 

y 7 liX^) ’’2,2)5 

V 

= rtZ(aMj + /3!«,+ e, 7«, + a«,+^, c, I, m\, 

where e and f are two constants introduced by the integration. 

Also 

a«, + /5«,+ € =2C,_ ,1’, + 2C,_ 

yu + Sitj + C = 2C2_ ,t'j + 2Cj_ ,r.^, 


where the quantities C are the same definite integrals as the quantities K, 
if c, /, m are substituted for k, X, and r has the same relation to C that t 
has to K. 

After giving a variety of formulae about the periods of the hyperelliptic 
functions, in conformity with the notation adopted by Dr. Weierstrass, 
Kdnigsberger states the problem of transformation thus : — 

If 

*“i + /5»2 + , + 2, j + e = 2C,_ ,w', + 20^ .}v\, 

yw,4-H +“y”’Ki.i+“^”»K2,i +^ = 2 Cj_iW',+2C3_j»(;',, 

and 

*aj + /3t<.j+2anK,_, +2j(3)iK, , 4-f =2Cj ,w, +20, 

yi/j + awj +2ynKj , +22«K,_, + 4 = 2C',_ +2C,^^u;j, 
corresponding to the periodic 83 stem 


«/(«, +2K,_ „ W, + 2Kj^ ,)’a=«^X«l"2)a. 
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to express w',w', in terms of so that 

fl(w'„ w',)? _ fl( w„ w,)? e{w\, w\)l _ fl(Wi, to,)? 

e(w',, w',)f 0(w,,M-,)|’ 

and also »^'a)i.3 _ ^'2)1,3 

©(w',, w\)l ~ ti{W^, ’ 

Section 2. — For the purpose of solving these equations, a Table similar to 
that we have endeavoured to explain at tlie end of our remarks on section 3 
of Konigsberger’s first memoir is constructed ; using the same notation, we 
have 

eir,Q, ’=-plq\ ■\-r’\ql —r^>q\.%+phql, 

=-pWi +p\q\.3->rpiql -pUql 

piqi.s Piqi ~\'j^3q\ 

These three equations, combined with the last throe equations of section 1, 
manifestly give the following ; 


0( iv\ 



6{7r\ 



= 0, 

6(w' 

,+«•„ 

ic', + 

0( nr 


«'2-«'2'>3 

= 0, 

d(U'\ 



fi(u' 





which reduces the problem to the solution of 

— «’l. ”''2 — =*^> 

=0, 

«(»•’,— W',, ic',— ic,), ,=0. 

To resolve these equations Konigsberger enunciates tlie following proper- 
ties : — 

If quantities which satisfy the three equations 

e(c,<’,),=0, 6{e^e.J.^=0, ),., = (», 

then also the three following equations are true : — 

^ -f -f ^ vjl 

These three formulae are fully proved by Xbnigsberger, and present no diffi- 
culty. They are the result of the equations at the end of section 3 of the 
first memoir and of those at the beginning of this section. We therefore 
pass on to the theorems next enunciated, namely : — 

/ddX 

log, e(^,), ^ ^ \dvj «( )J 
" dui ■ 01 ' 

ue^Y 

I \ / ^(w,“3)?.3 

0? e(*h«3)« 0J 0(’q«,)J ’ 
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with two similar expressions for 


(P log. log, 


dlii 


clu^du^ 


Take the equation at the commencement of p. 340, 

+ 0 0(’'.t’, )'f + 0 (MiM 2)3 0(«'.t'3)3 + 0(t‘iMj)?, S 0(t',<'a)* • 

Expanding the raemborB in terms of v, we have 


0, 




+ - 




(/it, 






1 . 2 

) 0(M,«,).‘ 




^ ■ • • •] 0(''i» 3'>5+^^>’,+ ■ • • ■ j 0(M.«,)t ,. 

Hence, equating coefficients of we find 

1 do ... 2 1 dO^ \ 2 I d0\ y.£\/ \2 

from which the formula we desire to prove immediately follows. This demon- 
stration will bo understood, if we remember that 


do 

di 


^ = 0, d=0, 6=0, 0,^,= 


0 . 


The formulae for 


<r‘lofr.0( , (P lo Se0(»,t<,). 

du^dv. 


may be proved in a precisely similar manner. 

Combining these three theorems witli the last, we find 

* •''3+ <’3^3 _ lo g,0(Ml«3). 

d u'i du] ’ 

( P1os,0(m,4-<’,, %+Of ^ 

du2 du2 

rfOog,0(u, + <’ 1 , + = tP log,e(M,tt,), 


where 




du^du^ 


®(«i- «3).=0. 0(«i. <'3)3 = 0. 0(e„ ,=0. . 

These equations, give by integration, 

0(«,+<'.. «,+a=e^’"'+?“=+'‘e(«„ 


(B) 
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whence we have 


= + 1 + Vi, + Va, 1 + V., 

which therefore constitute the solution of equation B. 

Hence also the solution of the equations 

e{w\-u\, = w\~w.X=0y 6 (w\^k\, 

is 

where r,^ j, j, ^ are any whole numbers. This formula then con- 

tains the required ’solution ; and therefore, substituting for w, in the equa- 
tions connecting u and w at the end of section ( 1 ), we have 


(m-n)(*K, ,)=C,_ X'-,. 

(>/i-n)(yK,_ , + ,) =C; 


r 1, 1 


+ *., /u + X'’., . + ^1, i + A J’ 

+ «!, -/l. ^) + V 1 + S,, J- 


We have already stated that this transformation corresponds to the periodic 
system 

al (w^-h-Kj^ j, when a = l or 3 . 


In the same way, if we take the periodic system 

a/(w^-|- 2 Kj w.^+ 2 K.^ when a=l or 3 , 

we have 


(w n )(aKj^ a) ^ 1 , i(^ 2 , 1 ^ 1 , 2 ^ 1 , a "^^ 2 , i^a, ah 

(m'-n')(yK,^ a + ^K,_ J=c^^ ,('‘a, l+*2, i’'l, 1 + *.., a’'i, 2)+^,, 2('’2, 2+^, l + *2, 2'’2, 2)- 
We shall also have, if we take the periodic system 

a/(Wj-j-2iK'j j, u^-|-2/K'j^ where a = l or 3, 

i(m H 1 , 2 , i)~^i, i(^ 1 , id"^ 1 , 1 ^ 1 , id"^ i, 2 ^:, 2 )d'^i, i, ad"® i, 1^2, id“® 1, 2^2^ 

i(ni n )(yH oK ^(r ^d"® id"® i,a’’i,a)d"^2, jj" i, ad"® 1, 1^3, id"® 1, a^a)* 

Moreover, taking the system 

aZ(M,+ 2 jK',_ ,, «,+ 2 ?:k;_ X=<*K\ ,“ 2 ) 1 . 

we shall have 

i(YH —n jd" 2 , a)”*^!, 3 , id"® a, 1 ^ 1 , id"® a^ 2 ^ 1 , a)d"^i, al*^ a, ad"® a, i^a, id"® a, a^a, a)> 

t(w"' -n"')(yK',_ ,+ ,)=C,^ ,(''' 2 . i+*'j, .+*' 2 . a’’., .)+C 2 , ,(r',, ,). 

we have already proved that 

, _ hK,sK',..- 5 ..k;.) 
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The equations we have just written down enable us to determine ,, 

&c. in terms of j, a, Hence also r\^ ^ is known in terms of Tj' 

’*], 2 » ^2 2 » ’’ i, 2 » ^' 2, 2 determined in a precisely similar way. The 

remainder of the paper is occupied with the discussion of special cases, upon 
which I shall not enter, as Kcmigsberger has gone minutely into details. 
There are two other papers by Kdnigsberger on the transformation of hyper- 
elliptic functions in the seventieth volume of Orelle, which we hope to con- 
sider in the supplement. 

At the commencement of his paper Xdnigsberger alludes to a paper on 
transformation by jVF. Hermite, in the ‘Comptes Kendus' for 1855, from 
which I make the following extracts : — 

Let ^ system of entire numbers satis- 

fying the equations 

also let 

^ ^ ^ _ I ^ -f np^iniipn-^iiy -f {2n -f v)y) 

then, if denotes the linear function where i is one of the numbers 

0, 1,2, 3, and we assume 

0(2, + G2, + H2„ 2, + H2, + G'2.^ 

rrCGr/ +2H232, + GV'./) _ 

then 

n(.r+l, 2/)=( - Ifincx, y), n(.r, 2/ + l)=(-l)’'‘nO-, y), 
n(x’+A, 2 / +</')= (-ly’^nGv, 

E{x+y, y+h) =(-l)2>lI(ar, 

where /i, g' arc certain ascertained functions of the above quantities, 
tt, h, c, d, G, H, G' and wq, Hj, certain ascertained functions of the 
quantities a, 5, r, d, i/, p, q. 

And the method of transformation consists in introducing sixteen func- 
tions, analogous to 0, but in which G, H, G' are replaced by g, li, g\ and 
then in employing the above relations to express n(^, y) by entire and 
homogeneous combinations of these sixteen functions. 

I wish to remark that the proofs of Dr. Weiers trass’s theorems, given in the 
Brighton volume, were obtained by me in the course of the year 1867. I 
had no assistance, except that derived from the Memoirs themselves. 
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Report of the Committee, consisting of the Rev. H. F. Barnes^ H. E. 
Dresser (Secretary), T. Harland, J. E. Harting, T. J. Monk, 
Professor Newton, and the Rev. Canon Tristram, appointed for the 
purpose of continuing the investigation on the desirability of esta- 
blishing a Close Time for the preservation of indigenous animals. 

1. The apprehension expressed by your Committee in tlieir last Report, as 
to the probable etfects of the AVild-Rirds Protection Act, has been more than 
justified by events ; for, so soon as that Act came to be apjdied, it gave almost 
universal discontent, and your Committee have not found one person who is 
satisfied with it. 

2. In the House of Commons, !Mr. Auberon Herbert moved and obtained 
the appointment of a Select Committee to consider the subject of the Protec- 
tion of Wild Birds. 

3. Three members of 5"our Committee, on being summoned, gave evidence 
before the Select Committee of the House of Commons. 

4. The Report of the Select Committee of the House of Commons has not, 
to your Committee's regret, yet been publis}u‘d, ])ut your Committee have 
good reason for believing that it will contain the following recommendations : — 

“(i.) That the jirotectioii of ciTtain wild birds named in the Schedule of 
the Wild Birds-Protection Act of 1S72 be continued. 

“(ii.) That all oilier wild birds be protected from loth March to 1st 
August, provided that owners or occupiiu’s of lands, and jiersons 
deputed by them, have jiermission to destroy such birds on 
lands owned or occujiied by them. 

“ (iii.) That one of Her Majesty's Secretaries of State be empowered to 
exce])t, in any particular district, any bird from the protection 
afl’orded, either by the Act of 1^72 or by the proposed Act, if 
he think necessary to do so. 

“ (iv.) That, for the sake of giving better protection to the swimmers and 
waders, no dead bird, if such bird is incntioiK'd in the Sea- 
Fowl Preservation Act, or the A\ ild-Birds Protection Act of 
1872, be allowed, from 15th March to 1st August, to be bought 
and sold, or exposed for sale, whether taken in this country or 
said to be im]>orted from any other country. 

(v.) That any violation of this projiosed Act, or of the Wild-Birds 
Protection Act of 1S72, be juinished by the payment of costs 
alone for the first offence, except under aggravated circum- 
stances, and the payment of costs and a fine not exceeding bs. 
for every offence after the first.” 

5. Your Committee wish emphatically to condemn these recommendations 
as a whole, and all but one of them separatel}', for the following reasons, 
numbered as are the recommendations : — 

i. The great majority of the birds named in the Schedule of the Act of 

1872 do not require protection, as has been shown in former 
Reports of your Committee ; they therefore think that in the 
present state of public opinion it is inexpedient that such pro- 
tection should be accorded to them. 

ii. That for the sake of protecting other wild birds, most of which cer- 

tainly do not want protection, rights would be continued to 
owners and occupiers c/f land which would be denied to other 
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persons : consequently the principle of privilege, usually urged 
as one of the strongest objections to the Game Laws of this 
country, would be introduced into the proposed Act, which would 
thereby be subject to the attacks of all those who are opposed to 
those laws. Eurther, that if there be any need to protect such 
other wild birds, the need is greater, in most cases, to protect 
thorn from the owners and occupiers of land than from other 
persons. 

iii. That tlie po^ er to be given to the Secretary of State would virtually 

be that of r('pealing the Act, either entirely or in regard to any 
particular kind or kinds of birds, at his sole will and pleasure, 
without his acting on the opinion of any responsible adviser or 
expert assessor; and that in consequence of such unlimited 
power being int rustled to a high officer of State, who cannot be 
exp(‘cted to have any personal knowledge of the intricacies of the 
questions involved, the results would in most cases be highly 
unsjitisl’actory to all persons concerned, it being also taken into 
consideration tliat tin* state of tin* law would vary very consider- 
ably in ditferenl })arts of the country, even perhaps in different 
jKirts of the same county. Furthermon*, the granting of such 
power to any authority presunu's that some kinds of birds would 
he at once exempted Irom protection, which is tantamount to 
inviting j)er>ecution on sucli kinds of lards as would be included 
in u'hat has been termcal a Black List.” 

iv. Willi this recommendation your Committee have the pleasure of 

entirely concurring. 

V. The anticipation of your Committee, that the penalties imposed by 
t}i(‘ Act of L'ST- would be found insufficient, having been proved 
by exjierience to be true, your Committee consider that the pro- 
jiosed increase of such penalties is quite inadequate to secure 
efficiency to the new Act — regard, however, being had to the 
indetinite ]>hrase, ‘‘ excejit under aggravated circumstances,” the 
meaning of which your Committee cannot explain. 

Finally, your Committee wish to ])oint out that, so far as they have the 
means of knowing the nature of the evidence given before the Select Com- 
mittee of 1h(‘ House of Commons, the four recommendations which they 
condemn are directly opposed to that evidence. 

G. Tlu? increasing interest taken hy the public generally in the question 
which your Commit tee have been iioav for live years appointed to investigate, 
is shown by signs too numerous to mention. Your Committee, however, 
observe with ri'gret that in the minds of some persons it has been mixed up, 
if not confounded, with other questions which are entirely distinct. Two of 
these maybe specified — (1 ) the Utility of Birds to Agriculturists, and (2) the 
State of the Law as regards Cruolt}^ to Animals. Your Committee not having 
been appointed to consider these questions, content themselves with remark- 
ing that both are doubtless of great importance to the community, the one 
from a moral and the other from a material point of view, but are likewise 
entirely outside the duty of your Committee. 

7. In order to assist the effiaror view which your Committee hope that the 
public will in time take of the question of Bird-protection, your Committee 
unanimously beg leave to submit for consideration the following remarks as* 
to any future legislation : — 
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(1) However much we may desire it, we cannot in practice stop the 

killing of some birds during the breeding- season : if we pass a 
law totally prohibiting it, that law will either be evaded, or, if 
enforced, will become so irksome as to be speedily repealed. 

(2) No law, to be effectual, should pick and choose certain kinds of birds, 

leaving out nearly aUied kinds. 

(3) An effectual law, dealing with a whole group of birds, may bo passed, 

as witness the highly successful ‘ Sea-Birds Preservation Act.’ 

(4) A law protecting birds which cannot bo shown to want protection 

is a mistake. 

(5) The crucial test of whether a bird wants protection or not, is whether 

its numbers are decreasing or the contrary. 

(6) AVith some very few exceptions (nearly each of which can be satis- 

factorily explained), none of what are commonly known as 
“ Small Birds ” are decreasing throughout the United Kingdom 
generally. 

(7) Most “Small Birds” are generally increasing in numbers, some 

remarkably so. 

(8) Setting aside “ Sea-Birds,” which may now be considered safe, no 

birds have so much diminished in numbers avS “ Birds of Prey” 
and “ AVild Fowl.” 

(9) No law* for the protection of “ Birds of Prey,” if passed, could be at 

present carried out. 

(10) A law protecting “AA'ild Fowd,’' if pas.sed, could be carried out 

effectually, provided that the penalties are in proportion to the 
inducement to break it. 

(11) “ AV’ild Fowl’’ form a group subject to great persecution on account 

of their marketable value, especially as articles of food ; they arc 
commonly killed (many of them because then more easily killed) 
long after they have paired and have begun to breed ; they, be- 
sides, lie under the same disadvantage as do the fe\v “ Small 
Birds ” which are decreasing — the diminution, namely, through 
agricultural improvements, of their breeding-haunts ; already 
many kinds of “ AVild Fowl,” which a few years ago used to breed 
frequently and regularly in this country, have ceased or nearly 
ceased from doing so : they are perfectly innocuous ; consequently 
“ Wild Fowl” are eminently deserving of protection. 

(12) The principle of what has been called a “Black List,” favoured by 

some persons, would be the most fatal step of all in Bird- 
Protection, since it would discourage, if not entirely check, the 
healthy feeling which is steadily, if not rapidly, growing in favour 
of many birds which have long been persecuted. 

8. Tour Committee respectfully urge that they may be reappointed. 
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Report of the Committeey consisting 0/ James Glaisher, F.R.S,, of the 
Royal Observatory , Greenwich, Robert P. Greg^ F,G,S», and Alex- 
ander S. Hersciiel, F.R,A.S., on Observations of Luminous 
Meteors, 1872"73; drawn up by Alexander S. Herschel, 
FR.A.S. 

The observations of meteors and shooting- stars collected during the past year 
have been of a more than usually interesting and varied character. The 
number of large meteors is more coiisid(Table ; and the aj)pearances of ordi- 
nary shooting-stars have juesented themselves in a more striking manner as 
regards the explanation of their origin, than has often been the case in former 
years. Of the met(‘or8 which have tiius appeared, the Committee have ob- 
tained mucli accurate information : but the extent of the knowledge acquired 
on all liands of the origin of these bodies has advanced so rapidly wuth the 
increase of such obsc'rvations, that a smalh'r s})ace for discussion of the indivi- 
dual descriptions can he occupied in their Iteport th.an the Committee have 
hitherto been able to bestow upon them; and a more eom])lete reduction of 
the se])arate ohsc'rvations will Jieeordingly be attempted when the oppor- 
tuni1i(‘s of the Committee alhnv of their closer examination. Those meteors, 
liowever, wliieh have been ohs(Tved simultanetmsly at more than one ob- 
serving-station, have been selected from the collection for transcription in 
suitable column'^ in this lie])ort ; and a list of large meteors is added, among 
which some have occurred that have without doubt been noticed, and may 
have attracted attention, in other directions than has hitherto come to the 
knowledge of the Committee. ITvo of the largest fireballs seen in Great 
Britain were aerolitic, or burst with the sound of a violent explosion, on the 
3rd of Novemh(‘r and 3rd of February last, over the interior of Scotland and 
over Manchester and its neighbourhood respectively. The descriptions of 
these two meteors are not so accurate and complete as to admit of very 
useful rci)etitions of all their d(d.ails. AiTolitic meteors and aerolites have also 
been noticed in the scientific journals of other countries, which have given 
rise to experiments on the composition of aerolitic substances, both chemical 
and microscopical, the conclusions of which continue to ('xtend the range of 
our speculations regarding the origin of these bodies. Thus the existence of 
carbon and hydrogen in the atmosphere from which the largest iron meteorite 
yet found (on the shores of Greenland) was projected, confirms the discoveries 
of Graham and Dr. Mallet, of the existence of those gases in other meteoric 
irons which have recently been examined, and offers proofs of a relationship 
between meteorites and comets (in whose spectra carbon has been recognized 
as an ingredient) which it will be interesting to pursue with further expe- 
riments and observations. 

The past year was distinguished by the occurrence of a most remarkable and 
striking star-shower on the night of the 27th of November last, to the expected 
appearance of which astronomers were looking forward with especial attention, 
from the unexjilained absence of the double comet of Biela (to which it 
lielongs) at the time of its expected returns in the last three of its periodical 
revolutions. The probability of the comet’s path being marked by a meteoric 
stream, into which the earth might plunge on or^ebout the 27th of November 
every year, was already become a certainty by the observation by Zezioli, 
of Bergamo, of such a meteoric shower on the 30th of November, 1867, 
no doubt of whose belonging t o the path of the missing comet could possibly 
be entertained. The exact date of the shower could not be foretold with 
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certainty, from the want of recent observations of the comet ; but every pro- 
bability of its being seen was favourable to its reappearance last year ; and 
those who awaited it, as well as many unexpectant watchers of meteor-showers, 
were surprised by the disjday of shooting-stars which it siiddtmly presented 
at the first approach of darkness, on the evening of Wednesday the 27 th of 
last November. The cloudy state of the sky unfortunately prevented ob- 
servers throughout the south of England from witnessing the sight ; but in 
Scotland and north of the Midland Counties in England many uninterrupted 
views of it were obtained. In Europe, Asia, tlu* Mauritius, and in North 
and South America observers were ccpially fortunate in recording its appear- 
ance ; and few great star-sliowers have hitherto been more satL>fa(;torily ob- 
served, as well as more abundantly described. In an astronomical ])oint of 
view, the agreement of the time and other eircunislances of its at)pearance 
with the supposed path of the lost connt is so exact as to ])rov(' that the 
calculations made by a'ltronomcrs of that comet's orbit cannot be affected by 
any errors of a large amount ; and a proof almost certain is tlius obtained 
that the disappearance of the comet i.s owing to no inu‘X])]aincd distur- 
bances of its path ; hut that, liki* ‘iom(‘ forimn’ comets of varialiic bright- 
ness, it has not imjirobahly laded for a time out of view, and that at some 
future time a reasonable expectation ma} be entertained of naliscovcring 
the missing comet pursuing its original jailli in rejM-ated visits to th(‘ earth's 
neighbourhood and to the field of tch'scopic observations. 

Only partial views of the ordinary ja'riodical inett'oih' showers of De- 
cember, January, and April last have this year been o))taiiu‘d, of which some 
descriptions are added to the close of this lleport. Ecductions of the scat- 
tered meteor-observations on ordinary nights of the y(*ar are an irojiortant 
subject of the Committee's in(|uiries, which have been ki^])t in view in their 
operations of the past year. Cajdain Tu]>man having obligingly placard a list 
of nearly 0000 such observations uoade by him>clf) at their disposal, the 
greater part of which he has reduced to thoir most coiisjiicuous radiant- 
points, this 62>ecial object of the Coinmitlei* will he most (dfectually assist(‘d 
by the publication of tlie valuable meteor list %\hich has thus uncxjiectedly 
come into their tiossessioii. A graphic projection of the radiant-jioints has 
been prepared, which will he jninted as an illustration of th(' copious informa- 
tion that will be gathered by observers from tli(‘ contents of Ca])tain Tup- 
man’s list. The catalogue will be distribut(al tliis year to ohstu'vers interested 
in the research ; and to enable useful meteoroscopic charts to he added to it, 
it is hoped that the Members of the British Association will continue to assist 
the Committee with such liberal communications of their observations as 
they have hitherto supplied. 


APPENDIX. 

I. Meteors Doubly Observed. 

In the section of the last Report corresponding to this Appendix, a con- 
siderable list of simultaneous observations of shooting-stars in the August and 
other meteor-showers of the previous year was presented of which no calcu- 
lations had at that time beeh undertaken. The attention of the Committee 
having been much occupied during the past year with the questions and cor- 
respondence relating to the unusual meteor- display of the 27 th of November 
last, their intention of calculating these meteor correspondences has not been 
earried out ; and a large addition to the number of duplicate observations of 
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shooting-stars in subsequent meteor-showers has in the mean time been col- 
lected, of which (for the same reason) it is only possible to offer in this Report 
the materials for such a future computation of their comparative results. The 
following list contains the particulars of a great many such observations, of 
which the Committee are obliged for the present to leave the calculation to 
a more convenient opportunity ; and a few results obtained by a rapid gra- 
phical projection of the paths of a few conspicuous meteors of the list at 
the moment when the obwservations were received, arc all the results of their 
final comparison together wliich the Committee are now able to present. 

Two bright meteors were seen, one at Glasgow and one in South Wales, 
on the night of the 9th of October last ; and again two sej)arate meteors, no 
less bright, at Glasgow and its neighbourhood, and at Bristol and Portsmouth 
on the night of the 3rd of November, J87i^ Of the latter two meteors only, 
duplicate obseiwations W(Te received ; and the observations on this night ap- 
pear to indicate an extraordinary fre()ueney of bright meteors. Thus at 
Milngavie, near Glasgow, On Sunday evening <Nov(‘mber 3rd) a shower of 
exceedingly brilliant meteors was o])served falling ; oiu* of these was particu- 
larly brilliant, <tc.’' It appeared in the north, and left for a second or two 
a line of light resembling the tail of a comet. The descri])tion of the meteor 
is the same at Leshmahagow, where it is added tliat, after being observed, it 
remained in one position and thereafter took an onwai-d course with a rajiid 
flight westwards until it was exhausted. The ]>aiise in its flight and the ac- 
companying tail of sparks are well described by ]\Ir. M‘Clure in the list 
of duplicate observations. The daily newspapers at (ilasgow describe it as 
passing there from cast t o north-west or west, appearing as a large bluish 
fireball with a long tail consisting of coruscations of red light. The Rev. 
A. Johnson, of Cambuslang, near Glasgow, describes it as of yellow colour, 
moving about 45° above the horizon from a little south of cast to north of 
west, throwing out a red tail and brilliant bluisli and greenish sjjarks as it 
seemed to curvT downwards a little in the latter part of its course. The re- 
maining descri])lion at Melrose of this meteor's a])pearcince (see the list) is too 
imperfect to afford, with IMr. M*Clure’s account at Glasgow, a definite conclu- 
sion of its height ; but the interrupted speed and curved course which seem 
to have marked its motion there, ]>robably signify that the meteor’s flight, as 
seen at Glasgow, was foreshortened near its radiant -point, and that this point 
was accordingly near Perseus, Andromeda, and Auriga. This meteor detonated, 
being seen and heard to explode at the same time in the north of Scotland. 
It appeared at half-past five o'clock. The observed paths of the next large 
meteor on the same evening at Portsmouth and Bristol at a quarter past nine 
o’clock, proceeded from the same radiant-j)oint, and, together uith a few ob- 
servations of bright shooting-stars on the same date observed elsewhere, mark 
the neighbourhood of a point near ft Persei at about R. A. 45°, N. Dccl. 35°, 
as roughly representing a region of radiation of the bright meteors recorded 
on this date. On the night, of the 30th of October Mr. Backhouse noticed a 
great many meteors at Sunderland, four of wliich had a radiant-point in Cas- 
siopeia at 0°, -|-55°; eight or ten others diverged from near y, \ Ceti (at 
about 40°, -f- (>°), and a few others apparently from near e Piscium (at about 
14°, -j- 7°), all of their radiant-centres being in the neighbourhood of the above- 
mentioned radiant-regions. Besides these, Captain Tujnnan observed a shower 
of ten bright meteors in forty minutes on the night of November 1st, with 
three others from the same direction in about the same time on the nigbt of 
November 3rd, having a definite radiant-point at 56°, -f 24°, close to the place 
assigned to a similar meleor sy.stem as seen by Mr. Backhouse on tlie nights 
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of the 4th and 6th of jN'ovember, 1869 (these Eeports for 1870, p. 97), coin- 
ciding exactly with Hois’s radiant and very nearly with No. Ill of Mr. 
Greg’s general list (li G) at 64°, -4- 18°. Several meteors from a radiant-point 
nearer to the latter position, at 64°, +20°, were observed by Mr. Denning at 
Bristol, on the nights of the Gth, 9th, and 10th of November last. On the first 
of these nights a meteor also proceeded from the direction of a radiant-point 
in Auriga, at about 85°, + 27° ; and on tlie last date Mr. C. E. Baker, at Bristol, 
noted five meteors diverging from a common radiant-point near the Hyades, in 
Taurus. The whole of tliese affiliated radiant-points appear to be connected 
with the well-known shower from near a Tauri, often noticed by observers 
during long watches for the Leonids or meteors of the 14th of November, 
having its time of maximum from October 30th to November Oih, or in the 
first few days of November. 

The next considerable meteor of which duplicate observations were ob- 
tained, appeared at about ton o’clock on the evening of the 3rd of February, 
1 873. Owing to the cloudy and hazy state of the sky, which nearly con- 
cealed the moon at many places, the descriptions of its ap 2 )arent path were 
nowhere sufficiently determinate to indicate its real course with great pre- 
cision ; but they combine to show that the meteor moved at a lower elevation 
than common amongst orclinar}’ shooting-stars, over the northern part of Staf- 
fordshire and Cheshire, passing at a height of less than forty miles above 
Crewe, and disappearing at a height of less than thirty miles over a point 
between Livcr 2 )ool and Chester : at some i)oint of this course a violent explo- 
sion was jwodueecl, the sound of which was heard like the loud boom of a 
distant gun or a low roll of thunder about three or four minutes after the 
meteor’s disappearance. The accounts of its apparent path, and also of the 
time and character of the occurrence of the report, are very discordant; but 
there ap 2 )cars no doubt that the meteor was a detonating fireball of the largest 
class, illuminating the whole country over wliich it passed with one or two 
prolonged flashes of light at least as jjowerful as that of the full moon, and the 
report differing altogether from that of any signal gun, of which it is said that 
one took i^lace at about the time of its ap 2 )earance. Its course may also have 
been rather more nearly from oast to west, or from over Chesterfield to above 
Chester, than that above described, the best descri 2 )tions at Manchester and 
Sheffield stating that it vanished at its extinction near and directly above the 
moon, which was then shining in the west. The light of the meteor was 
bluish, with a train of many brilliant s 2 )arks in its track ; [ind it burst into 
many fragments, but without leaving any visible streak of light in its course. 
Mr. Greg, Mr. Wood, and Mr. 8orby have collected numerous descriptions of 
this meteor’s aii 2 )earance at Manchester, Birmingham, and Sheffield ; but the 
definite results to which they all point, scarcely vary sufficiently from the 
above general conclusions to make their separate enumeration necessary to 
complete this notice. It is remarkable, as observed by Mr. Wood, that on 
the same date and at the same local time of the evening, a very brilliant fire- 
ball was visible in Australia, of which a description appeared in the ‘ English 
Mechanic^ of May 2nd, 1873, p. 171. 
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APPAKENT PATHS OF METEORS DOUBLY 


Date. 


Hour, 
approx. 
G. M. T. 


Place of 
Observation. 


Apparent 

Magnitude, 

,s per Stars &c. 


Colour. 


Duration. 


Apparent Path. 


1870. 

Nov.l3| 


1871. 

Aug.lOl 


1872. 

July22| 


Aug. 8 
8 

8 


h in s 
9 38 0 


10 57 0 
(Paris 
time.) 


8 55p.m, 

10 29 16 
10 30 0 
10 39 19 

10 40 0 

11 36 23 

11 37 0 

11 38 3 
± 15«, 

G. M. T. 

11 55 33 


Radcliffe Obser- 
vatory, Oxford 


Luxembourg Ob- 
servatory, Paris. 


Bridgeivater 

(Somersetshire), 


Bangor, N. Wales 




Blue 4 seconds.. 


^Very bright meteor 


: Sirius. 


|3rd mag. , 
|3rd mag. . 
Bangor, N.WaleJsrd mag. , 


Royal Observa- 
tory, Greenwich. 


Royal Observa- 
tory, Greenwich.! 


i Ibidem., 


Radcliffe Obser- l2nd mag.. 

vatory, Oxford, j 
jLancaster '2nd mag.. 


1st mag. 


1st mag. 


Ibid... 


j2nd mag.. 


Orange-red ... 


Bluish white . 


1*25 second , 


Very swift ; 
0*2 second. 


Very swift ; 

0 2 second. 


1 second , 


I second , 


|From near Capcllo 
to near Oniicron, 
Ursm Majoris. 


From 247^4-33° 
to 251 +13 


iFor 5° N. of East 
read 13° N. of| 
East. 


«= 

From 309°- 3° 
to 300 -15 

From 221°+37°*7 
to 226 +22-7 

From 352® +9° 
to 344 -1 ; 
passing right 
across the small 
star at 
347®, +3®. 

aes d = 

From 222®-5+65® 
to 221 +46 ; 

passed through 
39 Bootis. 

Passed towards the 
horizon in con- 
tinuation of a 
line joining 
Persei and c Ca-j 
melopardi. 

From tc Persei to| 
/3 Camelopardi. 

Passed close to thej 
star 20 Pegasi. 


Passed close to the| 
star 55 Pegasi, 
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OBSERYED EURITO THE YEAR 1872-73. 


Length of 
path. 


Direction or Apparent 
Radiant-point. 


Appearance ; Remarks. 


Observer. 


[Also observed at the Royal 
Observatory Greenwich. See| 
Report for 1871, page 34.] 


J. Lucas (Radcliffe Ob 
servations, 1869). 


For 20° y^fldjSlope about 35° 
35° or 40°. 



Slope of path 45° 


Slope of path 45° 


!A very brilliant meteor. [Corre- Chapelas Coulvier 
spends nearly, but is not iden- Gravier. 
tical with that seen in England 
atlO''51»'G. M. T. See last 
Report, page 80.] | 

For j8 Pegasi read Altair. Add^- E. Clark. 

Place of disa])i)earance as mea-j 
sured by a house-corner closcj 
! to which it disappeared. [Cor- 
rections in last Report, p. 11 8.] I 
Good general position, fair direc-jG. L. Tupraan. 
tion, and doubtful point of 
disappearance of path. | 

Disappeared behind dome of the G. Forbes. 
Sheepshanks Equatorial. A 
good observation. 

General position of path accurate; G. L. Tupman. 
direction and point of disap-j 
pearance uncertain. 


/ 


A fairly good observation 


Left a streak 


G. Forbes. 


T. Wright. 


iJ. Lucas. 

W. Davenport, 


Idem. 
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Date. 

Hour, 

approx. 

G. M. T. 

Place of 
Observation. 

i 

Apparent 
Magnitude, 
as per Stars &c. 

Colour. 

Duration. 

Apparent Path. 

1372. 
Ang. 8 

h m 8 

11 65 38 

Royal Observa- 
tory, Greenwich. 



0’3 second ... 

Passed horizontally 

1 


about 6° below' 
Polaris. 

8 

1 

11 56 0 
(±30’.) 

[hi,]. 


1 

0-75 second ... 

«=S ^ = 



! 

i 

From 167‘’-5+7r 
to 188-5 +52 

i 8 

11 56 0 

Radcliffe Obser- 

2nd mag ^ 

i 


Shot from near y 



vatory, Oxford. 

1 


Persei. 

8 

12 58 0 

Thid 




From 13 [d] Came- 





lopardi [74°'4 + 
62°-3] to P Au- 
rigae. 



8 

12 58 45 

Royal Observa- 

1st mag I 

Bluish white . 

0*7 second ... 

Passed between « 



tory, Greenwich. 



and T Ursae Ma- 
joris. 

1 

10 

10 25 0 

Buntingford, 

Herts. 

Ist mnir 'Whh<» ...1 

1 second 

ass ^ = 

* ' 1 



From 346°+25'' 



1 

• 1 

i 



to 335 +10 
(Apparent course 
as mapped.) 



10 

10 27 0 

Regent’s Park, 
London. 


Bluish white . 

Swift ......... 

' a— d = 

I 


From 30° +58“ 



1 



to 27 +77 

10 

10 27 35 

Prior Street, 

3rd mag 1 

Bluish white . 

0’7 second 

Passed across y Cc- 



Greenwich. 

1 


phei. . 

10 

10 40 45 

[bid 

1st mag- 

1 Bluish white . 

1 second 

Passed a little be- 



low K Ilonorum 
[Andromedae] to 
a point between 
a and p Pe-: 











gasi. 

ID 

10 47 0 

Tooting, near 
London. 


White 

!l second 

I Passed above a An- 




dromedic. 

10 

10 52 0 

Birmingham ... 

Sirius 


1 second 

a=r 




From 3550 + 8 ° 







to 347 -8 

10 

10 53 30 

Prior Street, 

>lst mag 

Bluish white ; 

2 seconds 

From between ^ 



Greenwich, 

changed to 
llame- colour. 

I 

and ? Cassio- 
peiae; passed to 
a point a little 
below j3 Pegasi. 



10 

10 54 0 

Tooting, near 
London. 

>9 

Dazzlingwhitc 

'l*5 cecond ... 

«= 3'= 



From 0°+37'' 







to 349 +22 







[Apparent course 
as mapped.] 

10 

11 18 0 

Radcliffe Obser- 

“Srd mag 

White 

0*5 second ... 

From X Persei to 

1(1 


Tatory, Oxford. 




€ Aurigae. 

11 18 30 

York 

**“ Sirius ,,,, 

iBlac 

1 second 







From 14'^+32° 


• 


1 

■ -~~9 - 

▼ — - 


to 8 +18 


OBSERVATIONS OF LUMINOUS METEORS. 


857 


Length of 
Path. 

Direction or Apparent 
Radiant-point. 

Appearance; Remarks. 

Observer, 

Ip 

1 


R. Cross. 1 


I 

1 

G. Forbes. 


1 



I Horizontal Uft a streak J. Lucas. 

I 


Left a streak Td. 


Moving from Cassiopeia to-' Left a streak 'W. C. Nash. 

wards ft Ursje Majoris. 1 j 

12® Radiant, 7] Pcrsci |keft a streak for 1 second R. P. Greg. 


T. Crumpleii. 

7® Directed from/ Custodis Left a streak 'W. Marriott. 

15® ..'Left a fine sticnk Id. 


I 


I 

iOn a line from the upper part The stars in Perseus and Pegasus IL W. Jackson. 
I of Perseus towaids a Pegasi. much obscured by clouds. 



Left a streak for 3 seconds 

W. H. Wood. 

20® 

r.pft a magnifirent train, which 

W. Marriott. 

1 

Pegasi. 

lasted 3 or 4 seconds after the 
disappearance of the meteor. 

Left a streak for 1 or 2 seconds. 
Position carefully observed. 

Left a streak • • • ........ 

II. W. Jackson. 

J. Lucas. 

14®*5 1 

Left a streak lor one second. 

J. E. Clark and T. IL 


Followed in thirty seconds 

Waller. 


by another meteor as bright 



as Venus ; on the same 



course. 
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Date. 

Hour, 

approx. 

G. M. T. 

Place of 
Observation. 

Apparent 
Magnitude, 
as per Stars &c. 

Colour. 

Duration. 

Apparent Path. 

1872. 

h m 8 






Aug. 10 

11 28 0 

York 

2nd mag. 

White 

0-5 second ... 

et— ^ = 







From 31 9“ + 70° 







to 289 4-60 

10 

11 29 0 ‘ 

Radcliffe Obser- 

4th mag. 



Passed from • to 



vatory, Oxford. 




X Ursae Ma- 

10 

11 34 0 

Ibid 

2nd mag 

White 

1*5 second ... 

joris, 1 

Passed from 8 to (5 1 







Aurigaj. i 

10 

11 34 0 

York 

Sirius ,, 

Da/1 









a- j 

From 6°4-30° i 







to 8 4-20 1 

i 

10 

11 40 0 

Radcliffe Obser- 

4th mag 



From 8 Ursae Ma- 



vatory, Oxford. 




joris to « Canum 







Vcnaticorum. 

10 

11 42 0 

Birmingham ... 

3rd mag 


0*5 second ... 

a— 8 = 







From 284° 4- 70° 







[.^194 4-70] 







to 197 4-57 

10 

11 44 0 

York ' 

3rd mag 

Red I 

1 second 

From 38° 4-51° 



1 


1 


to 35 4-49*5 

10 

11 45 0 

Radcliffe Obser- 

1th mag 



Shot from near 8 



vatory, Oxford, j 




Aurigae. 

10 

11 46 0 

Ibid i 

5th mag. 



Passed from « to 


j 

York ! 




X Ursae Ma- 

10 

11 46 30 


1st mag 

Blue ......... 

075 second ... 

joris. 

«= ^=3 1 





1 


From 339°4-67° j 





1 


to 306 4-63 ! 

10 

12 7 0 

Birmingham ... 

3rd mag 

Rhip . 1 


From j3 Aquarii to 





Bluish white ] 


» Sagittarii. 

10 

12 9 1 

Royal Oljserva- 

1st mag 



Fell almost ver- 



tory, Greenwich. 




tically down- 







wards from 1 







Aquilae. 

10 

12 20 0 

Birmingham ... 

1st mag 

Yellow ! 


Shot from j3 to- 


12 20 53 Royal Observa- 
tory, Greenwich 
10 25 30 Ibid 


I wards ^ Andro-' 

' medae. 1 

1st mag Bluish white .|1'2 second ... Disappeared near ej 


10 26 0 Radcliffe Obser- i 
vatory, Oxford. 

10 26 30 Royal Observa- ] 
tory, Greenwich. 

10 27 0 Radcliffe Obser- c 
vatory, Oxford. 


j2nd mag. , 



0*5 second ... 

Ursae Majoris. 

«= 8=z 

* White 

Rapid 

From 210° 4-40° 
to 197-54-20 
From i Draconis 


1 second 

to tj Ursae Ma- 
joris. 

tt— 

. Whiti* 

Rapid 

From 220° 4-35° 
to 200 4-27 
Passed from above 



Corona to tj Ursae 
Majoris. 




|l5° L.... Left a streak for a second J. E. Clark and T. 11. 

I I “ Waller. 

I ' I J. Lucas. 

! [Directed from Polaris] ...j Id. 


10"’*5 Radiant Polaris Left no streak at all on its course.' J. E. Clark and T. II. 

’ The nucleus tad an almostj Waller. 

I sensible diameter; not bright 

1 for its size. The second me- 

1 teor seen from the same ra- 

' diant. 

J. Lucas. 


'Radiant % Persei doubtful agreement in time W. H. Wood. 

with the last meteor. The re- 
corded path being also uncon- 
forrnable to the assigned ra- 
diant-point. I 

2®*5 i [Foreshortened path, near the Left no streak J. E. Clark and T. H. 

I radiant in Perseus.] Waller, 

i J. Lucas. 


. [Probably identical with the nextild. 
meteor.] 


14° I.,.., liCft a very bright streak for J. E. Clark and T. IL 

1 2 seconds. Waller. 


W. H. Wood. 

Left no streak T. Wright. 


>10° ! Left a streak. View of its flight W. II. Wood. 

, I partly intercepted by clouds. 


.From the direction of Polaris... Left a streak W. A. Schultz. 


. The observed position not very G. Forbes, 
accurate. 


. The observed position fairly ac- G. Forbes. 
I curate. 


J. Lucas. 
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i 

Hour, - 

G^K. 0‘'sem°jon. 

Apparent 
Magnitude, 
as per Stars &c. 

Colour, 

Duration. 

Apparent Path. 

j 1872. h ra 8 





,Aus.ll 10 32 0 Iladcliffe Obser- 

4th mag 

White 

Rapid 

Passed from •Uis.ti 

vatory, Oxford. 




Majoris towards' 





the north hori-* 





zon. 1 

11 10 32 0 Birniingliara ... 

2nd mag 

Yellow 

0’75 second ... 

a = c= ! 





From 95° 4-56° ' 





to 101 4-53 ! 

11 10 38 0 York 

1st mag 


0*75 second ... 

From 356° 4-12° ! 





to 318 0 : 

11 10 39 0 Birmingham ... 

ls|; mag 

Yellow 

1 second 

From 52° 4*40° i 





to 38 4-31 

11 10 51 0 Ibid 

4th mag 

Blue 

0’5 second .. 

From Pegasi to a 

1 

j 1 




Aqiiarii. 

1 llj 10 51 30 Royal Observa- 

4th mag 



In Draco ; 

1 1 tory, Greenwich. 




I 

' 11 10 56 0 Birmingham ... 

2nd mag 

Yellow' 

>0'5 second 

a= 3= 1 

I 1 




From 326° 0° 

j 1 




to 323 -7 

11 10 57 30 Royal Observa- 

1st mag 


1 second 

From 273° 4-35° 

j tory, Greenwich. 




to 2b7’o Id 

11 11 1 17 Ibid 


Bluish white . 

0*8 second ... 

Shot lei ween 





and 'y, about 2^ 





from y Ursa; Ma* 





jon«. 

11 11 3 0 York 

2nd mag 

Red 

1 second 

et— c = 

j 




From 283° 4-45° 





to 2r)2 -f32 

lY 11 6 0 Regent’s Park, 

1st mag. ............ 

Blue 


From 115°-f72° 

London. 




to 166 4*511 





[Appaieiit cours( 





as ma])pcd.] 

11 11 7 0 Royal Observa- 

3rd mag 


1 second 

^ ^ ^ i 

tory, Greenwich. 




From 150° -f64° : 





to 162 54-53 

11 11 7 0 York 

= ? 

Blue 

0*75 second ... 

From 321° 4-28° 





to 309 4-15 ! 

11 11 10 30 Royal Observa- 

3rd mag ' 


0 5 second ... 

From 150° 4-61° 1 

tory, Greenwich. 




! to ICO 4-52 I 

11 11 10 52 Ibid 


Bluish white . 

0 8 second . . 

Passed hctw'cen 





and d Ursfc Ma- 

11 11 11 0 York 


White 

0*75 second ... 

joris. 




1 


a- : 

From 322° +58° 





to 300 +43 

11 12 11 0 Bunlingford, ] 

2nd mag. 

Bluish white . 

1 second 

From 323°+34° 

Herts. 




to 308 +12 





[Apparent course 





as mapped.] 

11! 12 11 10 Prior Street, 

1st mag 

Bluish \Yhite . 

1 second 

Shot from be- 

Greenwich. 




tween y and e 





Cygni in the 





direction y A- 





quilae. 

11 12 18 0 Buntingford, 

Sirius 

Bluish white . 

1 second ...... 

«= ^ == 

Herts. 




From 31° + 17° 





to 30 +6 


f 



[Apparent course 


1 



as mapped.] 
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Length of 
Path. 

Diiection or Apparent 
lladiant-point. 

Appearance; Remarks. 

Observer, 




J. Lucas. 

W. 11. Wood. 

J. E. Clark and T. 11. 

Waller. 

W. 11. Wood. 

Id 



r.eft a streak 


i 1 

1 



licft a streak 






1 

1 

G. Foibc'!. 

W. 11. Wood. 

G. Foibcs. i 

R. Cross, 





fjcft a streak for half a sernnd. 



10" 

Almost perpendicularly down- 
wards. 

Position moderately well ob- 
served. 



92° -• •• 



J. E. Claik ard T. II. 
Waller. 







Left a very bright streak 

T. Crumplcn. 

G. Forbes. 



Left a streak for half a second. 



Good observation of position. 


Pcrseid , 

Ticft a streak for 2^ seconds ...... 

J. E. Clark and T. 11. 

Waller. 

G. Forbes. 

1*' 

i 


A very good observation of po- 
sition. 

FiPft a streak 

lin® 

From the direction of Polaris,,, 

R. Cross. 

9^0 

Persei'd 

A streak, if any left, was ob- 
scured by clouds. 

J. E. Clark and T. 11. 



Waller. 

!20"-f 

Radiant rj Persei 

Left a streak for 1 second 

R. P. Greg. 

W. Marriott, 

1 1 
i I 

i 1 

15" * ... 


Left a streak 

i ^ 

i 

1 

10® , .. 

Radiant Persei 

Left a streak for 1 second 

R. P. Greg, 





m 


REPORT — 1873. 



Hour, 

Place of 
Observation. 

Apparent 




Date. 

approx. 
G. M. T. 

Magnitude, 
as per Stars &c. 

Colour. 

Duration. 

Apparent Path. 

1872. 

Aug.ll 

h m 8 
12 19 25 

Royal Obserra- 


Yellowish 

1*3 second ... 

Shot downwards 


tory, Greenwich. 




from a point 
about 15° above 








them, towards 
the Pleiades. 

11 

12 19 28 

Prior Street, 

>lst mag 

Bluish white . 

1 second 

Shot from the 



Greenwich. 



direction of e 
Persei in the 
direction of e 









Arietis. (Ap- 

proximate posi- 
tion.) 

B 

8 47 0 

RatlclifTe, Ohser- 

1st mag 

Yellow to 

2*5 seconds ... 

From <jj Aquilae to 



vatory, Oxford. 


green. 


near d Aipiilae. 

19 

About 

Bristol 

>lst mag 

Bright blue ... 

Moved slowly 

Passed down the 


8 50 0 



E.N.E. sky. 

Nov. 3 

5 30 0 

Glasgow (Scot- 

J apparent diam- 

Vivid green to 

2 5 seconds ; 

Began about 10° 



land). 

eter of the moon. 

bluish white, 

not rapid. 

left of Capella, 





with red 
sparks. ! 

i 


and disappeared 
behind a cloud 






near the N.N.W. 
horizon. 

i 







Auriga 







7 






N.N.\V. 

NE. 

3 

5 30 0 

Melrose (Scot- 

Very large and 

Pink, green, 

Moved so ! 

The line of its flight 



land). 

bright. 

blue, and 

slowly that 

was from E. to 





white. 

it could be 
well ob- 

N.W. 






served. 


3 

9 14 0 

Portsmouth ... 

Nucleus about 10' 

Red and yellow 

3*5 seconds ... 

From 57° -f 69° 




in diameter. 



to 135 -[-67-5. 
From near y 




1 



Camelopardi (m 
Custodis) to p 
UrssB Majoris. 
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Length of 
Path. 


Direction or Apparent 
Radiant-point. 


Appearance; Remarks. 


Observer. 


. Left a very fine train R. Cross. 


. Left a streak W. Marriott. 


. [A fine meteor ; radiant ap- J. Lucas, 
parently near y Draconis. 

A bright meteor was seen 
at a later hour of the same 
night at York. See the ac- 
companying list.] 

. Nucleus starlike ; left no streak W. F. Denning, 
of light on its course. It 
did not explode, but seem- 
ed to burn out gradu- 
ally. 

Nucleus with short red tail, ac- Robert M‘^Clure. 
companied in the latter por- 
tion of its flight by a shower 
of red sparks. About the mid- 
dle of its path its velocity de- 
creased as if the fireball were 
passing through a denser me- 
dium, thereafter pursuing its 
path with renewed velocity. 


The train was a mixture of many A. Dodds. Communi- 

colours. The nucleus ex[)lo(led cated by G. J. Symons, 
with a shower of sparks. [ Its 
red coruscations and flight from 
E. to W. in the north was ob- 
served at many places near 
Glasgow. See Appendix II.] 

. y Andromedae, radiant of Biela’s Exceedingly brilliant. Com- G. L. Tupman. 
comet (?). menced as an ordinary shoot- 

ing-star, and increased until 
it greatly surpassed Venus 
at her greatest brilliancy ; 
with a long train of sparks, 
but leaving no streak upon 
its course. The observed po- 
sition very accurate. 
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REPORT — 1873. 


Date. 

Hour, 
approx. 
G. M. T. 

Place of 
Observation. 

Apparent 
Magnitude, 
as per Stars &c. 

Colour. 

Duration. 

1872. 

h m s 





Nov. .3 

About 

Bristol 

Very bright meteor 




9 15 0 





28 

10 25 0 

Regent’s Park, 

1st mag., bright ... 

Bluish 

Moved slowly 



London. 




28 

10 29 0 

Hawkhurst 

1st mag 


Rather slow 


f approx. 

(Kent). 



speed. 


time). 





1873. 






Feb. 3 

9 58 0 

Bristol 

Large meteor 




3 

About 

Wordsley, near 

As bright as the The train 

6 seconds 


10 0 0 

Stourbridge. 

half moon. 

green, pur- 






pie, and 






yellow. 

1 

27 

About 

Tooting, near 

Nearly- $ 

Brilliant white! More than 2 

1 

1 

i 

7 30 0 

London. 



seconds. 

1 

i 

! 

27 

7 35 0 

Bristol 

2nd maa 



! 

Apr. 19 

10 42 30 

Newcastle-oii- 

1 k mag 

White 

M second ... 



Tyne. 




19 

10 44 0 

York 

1st mag 

Yellow 

Less than 1*5 






second. 

19 

11 15 0 

Radcliffe Obser- 

1st mag. 

Bluish 

1’5 second ... 



vatory, Oxford. 




19 

11 17 0 

Street, near Bath 

1st mag 

Blue 

1*5 second ... 

i 

1 

(Somersetshire). 




20 

10 22 15 , 

Newcastle-on- 

liroag- , 

Orange-yellow 

0*6 second ... 


1 

Tyne. 

1 

i 




Appeared at a point 
near the zenith, 
and passed down- 
wards about 10° 
E. of the Pleiades 
in Taurus. 
a= d — 
From 73°-5+29° 
to 88 4-35’5 

Began near b Ca- 
melopard!. 


Flash of the meteor; 
behind clouds! 
near the horizon, 
about 10° E. of] 
N. or at N. by E. 


about 40° or 50' 
above the N.W. 
horizon towards 
and about half- 
way to the W. 
point of the ho- 
rizon. 

rom near the 
Sword-hand o( 
Perseus to about ! 
2° beyond ^ (a.; 
P) Andromedje. | 


Shot towards Venus! 
from E. to W. | 


and disappeared! 
about 5° beyond! 
Spica. I 

rom d Bootis to 
about 5° south of! 


From 295° 44° 
to 307 55 I 

From B Coronac toj 
e Bootis (vf rj , 
exact position), j 
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Length of 
Path. 


>liort course... 


Direction or Apparent 
Radiant-point. 


Radiant R G 


Towards Tarandus , 


L25’] 


[E. to W.] Inclination about 
, 40" to tlic horizon. 


Directed from ] (e, <t) Serpentis' 


I 


Appearance; Remarks. 


Observer. 


Left sparks and smoke on itsj 
track. Position of apparent] 
path carefully observed. A 
sound as of an explosion wasi 
heard 3 seconds after its disap-| 
pearance. 

Left a streak 


Left no streak 


E. B. Gardiner. Com-] 
municated by W. F.' 
Denning. 1 


T. Crumplen. 


Miss Herschel. 


W. F. Denning. 


Nature/ Feb. C, 1873. 


.'Radiant Vega Lyrae 
I From Cerberus] 


. Lyraid . 


.iLyra’id . 


Illuminated the clouds brightly 
in the northern sky. [Seen 
also at Manchester as a large] 
fireball ; vivid blue, duration 
10 seconds ; moving from 
S.E. to N.W.]. (Detonating. 
See Appendix II.) 

Nucleus with a long streak orj 
train as wide as half the appa- 
rent diameter of the moon, and 
of mingled colours. 


Left a streak for 2 seconds Jackson. 

Readily compared with Venus,] 
which was only a few de- 
grees off. Had two distinct| 
maxima. The point of ternii-i 
nation more correctly observed! 
than the commencement. 

Sky rather cloudy. Several W. F. Denning, 
bright meteors were visible 
this evening, without parti- 
cular attention being paid to 
note them. 

Lyraid. Left no streak lA. S. Herschel. 


Lyraid. Left a bright streak last- 'A. K. Brown and T. II, 
ing, with the meteor, 1 ^ second. Waller. 

Left a streak. [The agreement J. Lucas, 
of this observation with that 
of the next meteor, both in 
time and in apparent position, 
is very doubtful and imper- 
fect.] 

Left a slight streak IJ. E. Clark, 


Left a white streak for I a second ; 
brightest in the middle of its! 
course. ' 


A. S. Herschel. 
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REPOET— 1873. 


.nn»Ii Place of 
G^M T Observation. 


1873. h m 8 

iVpr.20 10 23 0 Sunderland 

(Durham). 

20 11 7 0 Ibid 


Apparent 
Magnitude^ 
as per Stars &c. 


Duration. Apparent Path. 


2nd mag Disappeared at 

0 = 213 ", 5 = + 
35°, or at | (y, A) 
Bootis. 


20 11 7 0 Newcastle- on- 
ly nc. 


20 11 15 15 Ibid., 


20 11 15 30 Sunderland 
(Durham). 

Aug. 2 11 38 0 Radcliffe Obser- 
vatory, Ox- 
ford. 

2 11 40 0 Bristol 


■ 3^- mag. 
2nd mag. 


7 9 33 0 Radcliffe Obser- = ^ , 

vatory, Oxford. 


7 9 33 0 Bristol 2X ? 


9 11 33 0 Regent’s Park, 2nd mag Blue 

London. 


. Rather quick... 

Disappeared at J 
{h Comm Be- 
renices, E Leo- 
nis). 

. 0*8 second . . . 

Disappeared at € 
Virginis. (Ter- 
mination well 
observed). 

. 0*6 second ... 

From 1 ] Virginis to 
2° below e Leo- 
nis. 

,*Quick 

Commenced 2° 
above n Virginis. 

,'l second 

t 

! 

From Polaris to a 
Ursm Majoris. 

,|0‘8 second ... 

From 43^+54° 
to 62 +50 

, 2 seconds 

Began at e Ursae 
Majoris and dis- 
appeared behind 
the observatory 
tower. 

, 0*9 second ... 

a= S = 
From 190°+59" 
to 195 +30 


tt— 


9 11 34 0 Bristol 2ndmag. 


to 223 -i-45" I 
. 0*6 second ... From 51°-5.f44"*5 
to 57 +34 i 


11 9 11 0 Tooting, near 1st mag. 
London. 


From 65"4.81° 
to 70 4-72 

(Position accu- 
rately observed.) 







OBSERVATIONS OF EUMINOXJS METEORS. 


Length of 
Path. 


Direction or Apparent 
Radiant-point. 


Appearance; Remarks. 


Not a long Directed from ^ Coronae to-|A Lyraid. Left a streak for a T. W. Backhouse, 
j course. I wards f (y, A) Bootis. moment after the head vanished. 


.'Directed towards a point atj[From a radiant north of Ursald. 
j about a = 18r, Major.] 


10° ............ Vertically down, as from Cor Left no streak. (Direction of A. S. Herschel. 

Caroli. path imperfectly observed). 


. Directed from d Virginis Lyraid Id. 


8’ or 10° Directed towards ^ Leonis ... Lyraid. Nucleus undefined. Left T. W. Backhouse. 

a streak. 

. J. Lucas, 


.Pegasid F. Denning. 


. Its course prolonged onwards Left a streak 
must have passed between 
« and 7) Bootis. 


. Radiant Polaris [? or e Cassio- Left a well - defined train just W. F. Denning, 
peiae]. north of Cor Caroli for 7 

seconds. 

[Seen also at Tooting, near 
London, “in the north going 
towards Richmond," i. c. west- 
wards, and bursting out with 
sparks like a rocket, as it 
travelled. (Communicated by 
H. W. Jackson.)] 


. T. Crumplen. 


• Radiant x Persei Left a streak for a second W. F. Denning. 


. Left a bright streak. A beautiful H. W. Jackson, 
explosion at the end of its 
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BEPOBT — 1873 , 


Date. 

Hour, 

approx. 

G. M. T. 

Place of 
Observation. 

Apparent 
Magnitude, 
as per Stars &c. 

Colour. 

Duration. 

Apparent Patli. 

1873. 
Aug, 11 

h m s 

9 11 0 , 

i 

Bristol 

1st mag 


0*8 second ... 

«ss ^ s= 




From 11" +40° 
to 21 +29 

1 

111 

1 

9 12 0 ;RadclifFe Obser- 
1 vatory, Oxford. 

' 

! 

. 1 

1 

i 

1st mag 

i 

! 

1 

Yellow 1 

2*5 seconds ... 

From ^ Cassiopeia; 
to 46 [w] An- 
dromeda;. 


II. Large Meteors anI) Aerolites, 

In the ‘ Monthly Notices of the Astronomical Society ’ of the past year 
(vol, xxxiii.), several interesting instances of very large meteors are recorded. 
The earliest having occurred nearly on the same date of the year as the well- 
known fall of the meteorite of Orgeuil (on the 14th of May, 1867), it may 
very possibly have been, as its description renders probable, an aerolitic fire- 
ball. It is thus described by Commander H. P. Xnevitt, as observed on 
board of H. M. 8. ‘Pawn,’ on the passage from Manzanilla to Panama. 
‘‘ On the 10th of May, 1872, at 2*' 45"' a.m. (the weather having been squally 
since midnight), a phenomenon was seen in the heavens at an altitude of about 
50®, and bearing East of compass ; the ship at the time being in lat. 14® 55' N. 
and long. 99® 58' W. I did not see it myself, but the following is the de- 
scription given of it by Lieut. Cecil 0. Horne, who was the otficer of the watch. 
Attention was first drawn by a very bright flasli, resembling a small flash of 
vivid lightning, but being much more solid and lasting four to five seconds ; 
the passage of the luminous body was towards the horizon for a short distance 
(say 3® or 4°) in a zigzag course ; it then appeared to burst and throw off a 
tail such as a comet has, the tail forming a ring and spreading itself round 
the body till the whole had very much the appearance of a large Catherine- 
wheel ; it then gradually faded out of sight, having been visible from first 
to last about ten or fifteen mimUes.^’ 

A large meteor observed at the Mauritius at about 7 o’clock p.m, on the 7th 
of November, 1872, by Mr. W. Wright, is described at p. 176 of the same 
volume, being communicated to the Astronomical Society by Mr. Meldrum. 
The appearance of the meteor was exactly like that of the moon in her first 
quarter, the lower quarter only of the disk being illuminated and the upper 
three quarters being of a dull dusky stone-brown colour. The writer’s atten- 
tion was drawn to it by a sudden flash above the brightness of moonlight ; 
and it appeared to him to fall from the direction of Aquarius. In communi- 
cating this observation to ^ Nature ’ of January 23rd, 1873, Mr. Meldrum re- 
marks that the moon was actually at the end of her first quarter, in the posi- 
tion indicated by Mr. Wright as the direction in which he observed the meteor; 
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REPOBT — 1873 . 


LARGE METEORS AND FIREBALLS OBSERVED 


Date. 

Hour, 

approx. 

G. M. T. 

Place of 
Observation. 

1 

Apparent Size. 

Colour. 

Duration. 

Position. 

1806. 

li m s 

1 

1 I 


Jan. 1 

9 20 0 

Rristol 

Brighter than the 

Passed a few de- 

1 



ii\ed stars. | 

grccs from the 

! 



; 

moon, and near 




1 

a certain bright 




1 

fixed star, either 




1 

Proc>on or Pol- 





lu.x. 

Nov.13 

0 18 30 

Yoik 

2>:n 

Vcllow 

31 seconds .. 

From clouds close 




, 

to Mars to ic For- 




1 

nacis (110^ 




' 

22°’5 to 34®, - 




; i 

24®-5). Low 





down along tlie 




1 

eastern horizon. 

10 

12 30 0 







meteor seen du- 

cioss the zenith. 




ling the Novem- ! 





her shower. 




Dec. 10 

10 24 0 

llml 


Blue 


Commenced near 


meteor seen on 



the constellation 




November 13 to 



Ursa Minor, and 




14, 1866, ex- 



taking a south- 




cepting pcrha]>s 



erly direction, 




the above noted. 



disappeared 







when it reached 

1868. 






Orion. 

Sep. 14 

About 8 

Keynsham, near 

As bright as either 


Glided along 

Commenced near 

or 15 

o’clock. 

Bristol. 

of the foregoing 


the sky. 

Cassiopeia. (Ap- 


(Kxact 


meteors. 



parent path not 


time and 





exactly noted.) 


date un- 






1869. 

certain.) 






Aug.ll 

14 8 0 

Radclitfc 




Position of the 


Observatory, 





bright streak 



Oxford. 




about ^ midway 







between • Cygni 


1 





and « Aquilm. 

Oct. 27 

8 15 0 

Besselsloigh, 

w}! 

White 

2 seconds or 3 

From \l/ Tauri to 


near Oxford. 




seconds. 

the Pleiades. 

Nov.l5 

10 13 0 

ItadcliiTe 



White 

2 secomls...... 

From Pollux to X 


Observatory, 




Urs» Majoris. 



Oxford, 





19 

7 0 0 

Ibid. 

= )/; 



Passed through 







Ursa 

1870. 







Mar.30 

8 20 0 

Ibid 

>V 

Brilliant white 

About 5 secs. 

.From the zenith 



1 




to a point near 



1 




the horizon, a 



i 




little south of 







east. 
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CHIEFLY HDEING THE YEAES 1872 and 1873. 


Length of 
Path. 

Direction or Radiant-point. Appearance ; Remarks, &c. 

Observer. 


From west to cast A splendid meteor ; very con- 

s})icuous, though passing so 
near the moon, which was very 
brilliant. Sky very clear aftci 

W. F. Denning. 


a cloudy evening. 


80 ° 

From N.E. to S., in a hori-,Left a bright green streak, gra- 

J. E. Clark, and several 


zontal, slightly curvedj dually growing fainter. Ap- 
coursc. ])arentlT an earlv meteor of the 

other observers. 


stream of Leonids. 




[90“] 

i 

i 

1 

1 

1 

to Left a vast train of light; atAV. F. Denning. 

' first seen as a long streak/ 
j but soon becoming wavy 
serpentine, and like a nebu- 
lous cloud, which grew fainter 
and diifted from its place iiiml 
it disappeared, having been 
visible at least three quarters 
of an hour. 

[N. to S.] Illuminated the whole sky (which 

was at the time hazy, with a 
slight fog obscuring the fainter 
stars). Immediately before ex- 
tinction, burk into many frag- 
ments like a rocket. Left no 
perceptible streak. No sound 
of an explosion heard. 

Id. 

1 

1 

jects with a sudden light ; dis- 
appeared rather suddenly, left 
no streak. 

Id. 


The meteor must have started The observer was startled b> 

J. Lucas. (Radcliffe 


from, or passed near the a bright flash, and on look- 

Observations, 1869.) 

1 

! 

1 

zenith, and have disappeared ing in the direction named, 
behind trees in the west. saw the streak which re- 

mained upon the meteorV 
course. (Also described in 
the ‘ Astronomical Register ’ 
for September 18C9.) 



Id. 



Id. 


Downwards..... i 

Id. 


Vertically downwards Disappeared behind some trees .. 

J. R Main. 





372 


REPORT — 1873 , 


Date. 

Hour, 
approx. 
G. M. T. 

Place of 
Observation. 

Apparent Size. 

Colour, 

Duration. 

Position. 

1870. 

h m 8 






Sep. 2t 

> 8 51 0 

lladcliffe 

>2^ 


4 seconds , 

From a point above 
y Delphini to a 

Observatory, 




2( 


Oxford. 




point below a 
Aquilae. 

) 15 15 0 

Ibid 

-if. 



From et Androme- 







dae to between « 
and y Pegasi. 

Oct. 1 

About 

Ibid 

— 

White to blue 


From a little be- 


8 0 0 




low (i Ursa; Ma- 
joris ; bursting 
at xp Ursae Ma- 



1871. 






joris. 

Apr. 10 

11 45 0 

Ibid 

-n 


4 seconds...... 

From a point near 
^ Ilerculis to a 






Sept. 1 






Coronac. 

8 44 0 

Ibid 

GX2^ 

Green to 


From a point near 
a Serpentis. 

Nov.13 

11 25 15 



orange. 


Cambridge 

Very large and 
bright. 


Passed across jS 






Cassiopeia;. 

Dec. 6 

6 25 0 

Radcliffe 

-11 

White 

G seconds 

Fell from a point 
west of Polaris 



Observatory, 






Oxford. 




to near the ho- 

1872. 






rizon. 

July 27 

11 40 0 

Dalston, near 

The first meteor 

Red 


The first fell in the 


and 

London. 

rather fainter 



north, the second 

29 

12 30 0 


than the second, 
which was a 
very bright fire- 
ball. 



more to the east, 
at some altitude 
in the sky. 

About 

Creuznach 

Large shooting- star 



Shot fr^ or J 

G Pegasi, a 
Cygni , straight 


! 9 30 0 
(local time). 

(Germany). 










towards Saturn, 
and nearly as 

Aug.18 

10 45 0 

Cambridge 

Twice or thrice as 

Brilliantly 

Quite 5 secs. 

far. 

From near Lyra to 




bright as a 1st 

white. 

if not 10 

near Andromeda, 




mag.#, and larger 


seconds ; 

where it disap- 




than Venus ever 


remarkably 

peared behind 




appears. 


slow speed. 

buildings. 

19 

10 20 O' 

Sfork 1 

karge meteor 



From 35° S. ofE., 
altitude 30° to 













30° S.ofE.,alti. 







tude 10°. (Posi- 
tion not very pre- 
cise ; by refer- 
ence to the 



1 



1 

moon.) 
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Length of 
Path. 


Direction or Radiant-point. 


Appearance ; Remarks, &c. 


Observer, 


J. Lucas. 


Fell vertically downwards . 

Horizontally from right 
left. 




Vertically downwards 


On Sept. 28, at 7*' 25"\ a sudden 
flash of light, evidently me- 
teoric, was observed, but no 
jnctcor could be traced. (See 
also the ‘ Astronomical Regis- 
ter ’ for Nov. 1870.) 


Id. 


Id. 


Id. 


toi 


One of the brightest meteors 
hitherto observed. Among 
about 30 meteors mapped with 
a ineteoroscope on the same 
night; not more than 8 or 9 
had their radiant-point in Leo. 
[Also observed at Beckenham, 
Kent. See last Report.] 


Mr. Keating and J. 
Lucas. 

W. Davenport. Com- 
municated by W. f. 
Denning. 


J. Lucas and Mr. 
Keating. 


TIic first meteor faint in colour; 
the second very bright, re- 
sembling a red-hot iron bolt or 
urn-heater. 


Joseph Seaton. (Com- 
municated by G. J. 
Symons.) 


H.W. Jackson. 


The opposite direction to that 
of the Perseids, or August 
meteors. 


Probable direction : — 


Pear-shaped with a narrow short 
train 1° or 4° long. Its 
brightness decreased, and its 
speed diminished towards the 
end of its course as if by the 
effect of foreshortening. 

Fireball; nucleus with a con- 
siderable disk. Well observed. 


E. II. (newspaper para- 
graph). Communi- 
cated by R. P. Greg. 


Communicated by J. E. 
Clark. 





374 


REPORT — 1873. 


Date. 

Hour, 
Approx. 
G. M. T. 

Place of 
Observation. 

Apparent Size. 

Colour. 

Duration. 

Position. 

1872. 
Sep. 17 

h III s 

7 50 0 

Tieeburst 

Very large fireball 


About 10 secs. 

Fell from S.W. to 

(Sussex). 


S.E. 

22 

8 54 0 

Tooting, near 
London. 

= tt Lyraj; very 
bright. 



Apparent course as 
in the sketch. 

Vega. 

7 









/ 

t 

oOphiuchi. 

Oct. 9 

9 19 0 

Glasgow 

One tenth appa- 
rent size of the 
moon. 

Yellow 

0*75 second; 
very swift. 

From etorj Persei. 

9 

About 

Hay, S. Wales... 

j 

Samoa, South ; 
Pacific. 

About = 9 

Yellowish 

Slow motion... 

Passed from near 

27 

12 0 0 

A little 

Unusually large 
fireball. 


and a little n. /. 

towards /3 
Ceti, disappear- 
ing a little before 
reaching that 

star. 

It became visible 

before 

12 0 0 
(local mid- 
night.) 



near ^ Ceti, and 
rushed towards 
the south-east. 

Nov. 1 

About 

Portsmouth ... 

i 

1 

i- $ 

White (?) 

second 

ets= S =: 

11 50 0 

i 



From 100°.f 48° 
to 132 +49 

C 

10 45 0 

Ibid 

■= y. 

wiiite 

Very swift ; 

0-3 second. 

From 77° +35° 
to 91 +47 





17 

6 10 0 

South Shields 

1 Brighter than 9... 

jWhite 

About or 

1 J second. 

From a point about 
N.W., altitude 
15° or 20° to a 
point about 

W.N.W., alti- 
tude 3° or 4°. 

p.m. 

(Durham). 

1 

I 

19 

9 10 0 

Bristol 

Very bright meteor 



Shot down the 

j 

i 





north-west sky. 
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Length of 
Path. 


Direction or Radiant-point, } Appearance ; Remarks, &c. 


Observer. 


The meteor did not burst, but Communicated by A. 
began small and grew brighter Eden, 
and brighter until it went out. 

Just before disappearance it 
“ appeared as large as a break- 
fast-plate." 

Left no streak II. W. Jackson. 


(20° Shot upwards Xuclcus accompanied by sparks ;'Robert McClure. 

disappeared with an explo- 
sion : left a white streak in 
passing over « and y Persei, 
w'hich remained visible fifteen 
seconds. 

I Path a little convex to the For three fifths of its course T. W. Webb. 

zenith. it continued equally bright, (‘ Nature/ Oct. 17.) 

a fireball with sparks round 
it, and a slight train. In 
the rest of its course it 
diminished gradually to dis- 
appearance. 

Left a bright train in its wake. S. J. Whitmee. 

Nucleus of the meteor of very (‘ Nature/ Jan. 30th, 

large apparent width. Several 1873.) 

other bright shooting-stars were 

visible on the same night. [See 

this Appendix, below]. 

( The meteor appeared behind aG. L. Tupman. 

cloud, through which it shone ; 
and it must have been exceed- 
ingly bright. 

15° Nucleus accompanied by a slight Id. 

I train ; left no streak. 

About 25° Meteor very bright when first F. Hurraan and John 

[ seen, and remained so until it Taylor. 

I disappeared without bursting 

close to the horizon. Nucleus 
with short tail of red sparks; 
left a streak for a moment or 
two along its track. 

The brightest meteor seen du- W. F. Denning. 

ring the month. A flash of 

light, apparently meteoric, ap- | 

peared at about 9^ p.m. on the ' 

18th of November, when the 

sky was nearly overcast. 
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Date. 


Hour, 
approx. 
G. M. T. 


Place of 
Observation. 


Apparent Size* 


Colour. 


Duration. 


Position. 


1872. 

N0V.22I 


23! 


h m s 
About 
5 14 0 


7 20 0 


South Kensing- 
ton, London. 


Rather brighter 
than at his] 
brightest. 


Bristol . 


> V 


30 


Dec. 9 


8 10 0 ! St. Thomas I Large meteor 
(local timc).j (West Indies). 


23 


26 


20 


1873. 
Feb. 3j 


April 6 


11 15 0 


6 10 0 


7 58 0 


9 30 0 


10 0 0 
p.m. 

(local time). 
9 8 0 


Tooling, near \k bright meteor ...^ 
London. 


Blue., 


About 2 secs. . 


[Disappeared about 
10 ° before reach- 
ing the zenith, 
which it would 
have gone about 
5° or 10° to the| 
south of. 

From 18°-f44° 
to 164 4-63 
From the N.W, 
part of Andro- 
meda, across the 
sword-hand of 
Perseus, and Ca 
melopardu 8 tothe| 
head of UrsaMaj. 


Deep red . 


London 


.. Brighter than the 
1 fixed stars. 


Exceedingly 
slow speed ;j 
not less than 
5 seconds or| 
10 seconds. 


Bristol . 


Ibid., 


= ?• 


Australia . 


Ibid.. 


[About as bright asj 
the quarter-raoon 


Very largo 


Nearly as bright as 
Venus at her] 
brightest. 


Blue 


Blue 


2 seconds .. 


[About 1*5 se 
cond ; mo- 
tion slow. 


Shot on a line from 
P through TT Pe- 
gasi to y Cygni, 
beginning near 
TT Pegasi and 
ending near 9 
Cygni. 

From close to Po- 
laris, passed 
close to etf /3 
Ursm Majoris,! 
through the 
square of Ursa] 
Major. 

From 343°4-22° 
to 338 - 4 


First seen at alti-i 
tude about 60° | 
in the north- 
west. 


From 83°4-42°*5 
to 56 +31 I 
Began between 
«, p, 0 Au- 
rigse and ended 
near ^ Persei, 
about 10 ° above] 
Venus. 
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Direction or Radiant- point. Appearance ; Remarks, &c. 

Observer. 

N.E. to S.W, A bright shooting* star. Estima- 

Mr. Merrifield. (Com- 

tioii of position rougher thar 

municated by Dr. W. 

that of the time. 

Huggins.) 


W. F. Denning. 

briglitcned again very rapidly 


several times. Illuminated the 


sky very strongly in its flight ; 


left no streak, but emitted a 


spaik in its course. 


! K. toAV ; 



R. C. Rawson 


(Governor of Bar- 


badoes). ‘ Nature,’ 


Feb. Gth, 1873. 



.'r' in length, vliich distinctly 


tapered towards the end. 


i 

(I. Hardcastlc. 

j 

W. F. Denning. 

/3 Pegasi downwards, almost and revived rapidly several 


perpendicularly. times, like that of the meteor 


on Nov. 23rd. Left no streak. 


Long course.. E. to W Globular; no sparks or ex- 

F. Denning (and seen 

plosion, and it left no streak ; 

by several observers). 

but on a prolongation of its 

Communicated by W. 

path, a small meteoric spark 

F. Denning. 

seemed to continue to some 


distance beyond its point of 


extinction. 



Communicated by W. 

as the large meteor seen in 

H. Wood. 

England. — ‘Mechanics’ Maga- 


zine,’ May 2nd, 1873. 



W. F. Denning. 

disappeared gradually, and it 


left no streak. 
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Colour. 

Duration. 




Date. 


Hour, 
approx. 
G. M. T. 


Place of 
Observation. 


Apparent Size, 


Position. 


1873 
April 8j 


May 1 

July 1 

28 i 

Aug. 2 

1 


h m s 
About 9 
o’clock. I 
(‘Tuesday! 
evening.’)! 

12 40 0 I London 


13 15 0 


Cardiff, S. Wales 


Very brilliant me- 
teor. 


Brigldcr than any| 
of the fixed stars.' 


Ruddy 


I As bright as tbc|llliic., 
full moon. 


11 32 0 1 Bristol 

10 28 0 
10 35 0 


16 


Sept. 9 


Radcliffe 

Observatory, 

Oxford. 

iGrasmere, 

Cumberland. 




. 0’8 second 


1 


Green '3 seconds.. 


12 11 0 




I Radcliffe 
Observatory, 
Oxford. 

9 10 0 .Tooting, near ’=2i 
I London. 

11 30 0 jBirminghara 


11 27 30 


10 5 


Ilawkburst 

(Kent). 


0 I Pontefract, 
Yorkshire. 


Ul. JiCi 111 IgllkCSI 

White 


Bright yellow 

Vitidbluc; j 
like the 
magnesium 
flame. 


1 

1 


i 

! 


0*5 second .. 

Nearly 2 secs. 
3 seconds 


Shot across the sky 
from N. to S., and 
burst before reach- 
ing the horizon. 
Began not far from’ 
^ Urstc Majoris, 
and disappeared 
15° below Polaris. 

I Appeared at a great 
elevation in the 
southern sky, 

passing from 

north-west to 
low elevation inj 
the south. 

a— I - 
From 210°-f-49' 
to 200 -f 38 
Shot from Arcturus! 
towards the N.W. 
horizon. 

Disappeared at a] 
point as far from 
y Pegasi as «, 
Andromedffi onj 
a line drawn 
through y Pegasii 
from « Andro- 
meda, /3 Pegasi. 
From near 58 to| 
near 63 Auriga. 


1 second ; veryj 
slow. 


iMuch brighter than' Y^ellow 
' ? . A sensible! 

apparent disk. 


.'0'75 second ... 


a— ^ = 

From 339°-20° 
to 1-20 


Passed close to' 
and on the 
left of B Pis-j 
cium. I 

From 37® south of 
east, altitude 49°| 
to 48“ south of 
east, altitude lO®*! 
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&c. Observer. 

N, to S Burst like a rocket, the fragments ‘ The Western Tele- 

illuminating a large area of the graph,’ Thursday, 
sky. April 10th, 1873. 

Nucleus pear-shaped with a long T, Cnimplen, 

broad tail, ami leaving a few 
sparks along its track. 

A magnificent fireball. Nucleus W. Bowman and other 
of very intense light, separated observers. (Commu- 
into two halves and afterwards nicated by W. F. 
into numerous pieces which Denning.) 
immediately became extinct. 

14° Fell vertically ; radiant in Pe- W. F. Denning. 

gasus. 

Zigzag’path Left a streak J. Lucas. 

Directed from y Andromed<T, Left a streak. Imperfect ^iew of T. \V. Backhouse. 

and from (y^ >/) Persci. its course among clouds, be-| 
hind some of which it may pos- 
sibly have disappeared. 


. [A bright meteor on the same J. Lucas, 
evening at O*' 33™. See the 
foregoing list,] 

.A very beautiful meteor; left a II. W. Jackson, 
faint streak. 

Radiant Oj (Neumayer) Left a streak. Nuclcusverybright; W. 11. Wood. 

appeared occasionally through 
1 the clouds (between which the 

I moon shone) as if below them, 

I Nearly approached the horizon ; 

disappeared with an explosion. 

4° Directed from ^ (<j, tj) Pegasi... Miss Ilerschel. 


Inclined about 70° to a verti- Seen through the window of a E. Worsdell. Commu- 
cal direction, thus well-lighted room. The view nicated by J. E. Clark, 
of the beginning and end were 
jT perhaps intercepted, and no 

\ streak was certainlv percept- 

I5I 

I 

i 

I 

1 






Length of 
Path. 


Direction or Radiant-point. Appearance ; Remarks, 
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and shortly afterwards he heard a sound as distinctly as if three or four 
cannon had been at once discharged at a distance of a quarter of a mile. 
But the last lighting up of the sky seemed only for an instant, when all was 

as dark as before There must have been a meteor of extraordinary 

size travelling from the southern part of Banffshire on towards the centre of 
Inverness-shire, and bursting somewhere near the source of ihe river Nairn, 
The brilliancy of the light was as if a brilliant flash of lightning had remained 
visible in the sky/’ 

Aerolites , — The following extract from a journal of travels in North-west 
America, ‘The great Lone Land,’ by Capt. AV. F. Butler, F.ILG.S. (1872), 
deserves attention, as the existence of the mass of meteoric iron which it 
describes appears to have been hitherto unknown, or unrecorded. 

“ In the mission-house of Victoria (on the Saskatchewan river, not far 
from its source) there lay a curious block of metal of immense weight ; it was 
rugged, deeply indented, and polished on the outer edges of the indentations 
by the wear and friction of many years. Its history was a curious one. 
Longer than any man could say, it had lain on the summit of a hill far out 
in the southern prairies. It had been a medicine-stone of surpassing virtue 
among the Indians over a vast territor}\ No tribe or portion of a tribe 
would pass in the vicinity without paying a visit to this great medicine : it 
was said to be increasing yearly in 'weight. Old men remembered having 
heard old men say, they had once lifted it easilj^ from the ground. Now no 
single man could carry it ; and it was no wonder that this metallic stone 
should be a ‘ Manito ’-stone, and an object of intense veneration to the 
Indian ; it had come down from heaven ; it did not belong to the earth, but 
had descended out of the sky ; it was in fact an aerolite. Not very long 
before my visit, this curious stone had been removed from the hill upon 
which it had so long rested, and brought to the mission of A'ictoria by some 
person from that ydacc. AVlicn the Indians found that it had been taken 
away, they were loud in the expression of their regret. The old medicine- 
men declared that its removal would lead to great misfortunes, and that war, 
disease, and dearth of buffalo would affect the tribes of the Saskatchewan. 
This was not a prophecy made after the occurrence of the plague of small-pox ; 
for in a magazine published by the AVesleyan Society in Canada there appears 
a letter from the missionary setting forth the ^^rcdiction of the medicine-men 
a year prior to my visit. The letter concludes with an expression of thanks 
that their evil prognostications had not been attended with success. But a 
few months later brought all the three evils upon the Indians; and never, 
probably, since the first trader had reached the country, had so many afflictions 
of war, famine, and plague fallen upon the Crecs and Blackfcct as during the 
year which succeeded the useless removal of their Manito-stone from the 
lone hill-top upon which the skies had cast it.” 

Siderite of Augusta County, United States (see ‘American Journal of 
Science’ for July, 1872). — Analysis of the gases occluded in the iron, by I)r. 
J. AV. Mallet, U.S. (‘ Proceedings of the Bo 5 'al Society,’ vol. xx. p. 365). 
Both shavings and a small bar of the iron cut and polished cold, and freed 
from oil, from the most solid part of the iron were heated first to redness and 
then to whiteness in the vacuum of a Sprcngcl pump. The experiment lasted 
14| hours, only a quarter of the whole volume of gas being extracted in the 
last two thirds of the time, and a small residue still remaining unextracted 
at its close. The quantity of hydrogen and carbonic acid diminished most 
rapidly ; and those of nitrogen and carbonic oxide continued to be discharged 
most abundantly towards the end of the time, as the following Table of the 
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percentage volumes shows, which were obtained from 15*87 cubic centims. of 
the iron in successive intervals of — 


Hydrogen 

hours, 
per cent. 

.. ..22-12 

21 hours- 
per cent. 

10*52 

0| hours, 
per cent. 

3-19 

Total, 
per cent. 

35-83 

Horseshoe-nail 

(Grahame). 

35-0 

Carbonic oxide . . 

.. ..15-99 

11*12 

11 -22 

38-33 

50-3 

Carbonic acid . . 

. .. 7*85 

1-02 

0-88 

9*75 

7-7 

Nitrogen 

. ... 6-06 

1-45 

8-58 

16-09 

7-0 


52-02 

24*11 

23*87 

100-00 

100-0 


lleduccd to tho standard temperature, 60° F., and barometric pressure, 30 
inches, tho whole volume obtained was 50-40 cubic centims., or 3*17 times 
the volume of tho iron, while Grahame found 2-85 times its volume of mixed 
gases occluded in the Lenarto iron. The quantity of hydrogen contained in 
the Augusta-County iron is 1*4 times its volume, while ordinary terrestrial 
iron only occludes about 0*42 or 0*46 times its volume ; and the meteoric 
origin of the mass is thus confirmed. But the quantities of carbonic oxide and 
carbonic acid, especially, are much larger than the corresponding quantities 
found by Grahame in tho Lenarto iron, and more nearly resemble the pro- 
portions found in a sample of a horseshoe nail. It cannot be su^^posed that 
tho Augusta-County iron has undergone any artificial process to test or to 
improve its quality ; and hence it may be inferred that the atmosphere in 
which it originated as a meteorite was more rich in carbon than that from 
which the Lenarto iron was derived. 

Sidcrite of Ovifak, Greenland. — Among the discoveries made by Sir J. C. 
lloss in his Arctic voyages, was that of some implements partly made of iron 
by the Esquimaux of Greenland, the metal of which was found on analysis to 
be probably of meteoric origin. Tlie iron used in their manufacture was 
reported by the Esquimaux to exist on the shore of Caj)e York, some hundreds 
of miles north of IJisco Island, on the west coast of Greenland. During his 
investigations of that coast in tho year 1870, Prof. A. E. Nordenskidld, of 
Stockholm, by offering rewards for its discovery to the Esquimaux, learned 
the existence of such masses of native iron at Ovifak, on the south side of 
Disco Isle. Arrived at this indicated spot, Prof. Nordenskiold was there 
shown the largest piece of meteoric iron yet known to have been found. 
Two other large, and many smaller fragments lay at no great distances from 
it. Their site was between high- and low-water mark on the shore, among 
sea-worn blocks of gneiss and granite at the foot of a high rock of basalt. 
A Swedish vessel trans 2 )orted them to P]uropc ; and they are now deposited in 
the Iloyal Museum at Stockholm. The largest one weighs about 50,000 lbs., 
and the two smaller masses about 20,000 lbs. and 9000 lbs. ; the rest of the 
fragments together weigh about 1500 lbs. Nickel, cobalt, phosphorus, and 
sulphur enter into their composition ; and the probability of their meteoric 
origin is ably maintained by Nordcnsldbld in his narrative of this expedition 

lledogbrelse for en Expedition till Grbnland.’^ Stockholm : 1871), and in 
a later work on the history of the iron. Not many yards from tho place of 
their discovery a siliceous stone, enclosing grains and lumps of metallic iron, 
and a vein of that metal some feet in length and a few inches thick, projected 
from tho basalt breccia of the locality, and differed in its trai)-likc composition 
entirely from the stones among which it lay. A portion of this iron, together 
with specimens of tho larger blocks^ W'as presented to Dr. F. Wohler for 
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analysis, who found in its chemical composition the following approximate 
ingredients : — 

Fo IVi Co FeS C P Total. 

4G’G0 1-19 0-47 40*20 7*75 3*G9 0*15 100*05 

On heating the iron strongly in vacuo , carbonic oxide and carbonic acid gas 
are given olf by the reaction of the free carbon on the magnetic iron oxide 
with which it is in contact ; and the amount of oxygen present in the iron is 
so great (11*09 of its weight of oxygen being extracted from it when heated 
in hydrogen gas), that no lower oxide of iron than that here assumed can bo 
regarded as its original mode of combination. As octahedra of magnetic 
oxide were found by Xordcu shield in the larger siderites, the highly siliceous 
stone appears to be of the same origin as the large iron masses ; and the ad- 
mixture of free carbon and magnetic oxide of iron in its composition appears 
to indicate that it has never been exposed to a very high temperature, since 
its deposition in its present site. (E. Wohler’s Analysis of the Ovifak 
meteoric iron, Poggendortfs ‘ Annalen/ July 1872). 

Montlivault, Loir-et-Cher, France, 1838, July 22. — This and the following 
meteorite have lately been added by M. Daubree to the collection in tho 
Geological Museum of the Jardin des Plantes at Paris. The meteorite 
weighs 510 grammes ; it has the form of a three-sided pyramid. Its mate- 
rial is a finely granular mineral, consisting chiefly of olivine and augite with 
grains of nickeliferous iron and magnetic pyrites belonging to the aerolitic 
group to which the name of leucite has been given. (‘ The Academy/ May 
15th, 1873.) 

Beusto, Basses-Pyrenees, France, 1859, May. — Two pieces of the stone 
were found 700 metres apart, the larger weighing 1*4 kilogramme, and the 
lesser one 420 grammes. The smaller stone penetrated the ground to tho 
depth of half a metre ; it is covered with a black crust half a millimetre 
thick ; and its specific gravity is 3*53. It belongs to the Chantonnite group, 
and most nearly resembles the meteorites of Poultousk.. Its grey compact 
mass is penetrated in every direction by veins of a black mineral, which 
anastomose and exhibit irregular ramifications. {Ibid.) 

Shergotty, India, 18G5, August 25, 9 a.m. (local time). — This stone was 
recently analyzed and examined by Prof. Tschermak (‘ Jahrbuch fiir Minera- 
logie,’ 1872, Iso. 7). The chief mass of the stone is a greyish brown augitic- 
looking mineral, of which, however, the following analysis shows that it does 
not possess the true augitic composition : — 

Silica. Alumina. Iron protoxide. Magnesia. Lime. Total. 

52*3 0*2 23*1 14*2 10*4 100*2 

Another mineral having tho percentage composition 

Silica. Alumina. Lime, Soda, Potash. Total. 

56*3 25*7 11*G 5*1 1*3 100*0 

forms small octahedral crystals with vitreous fracture in tho mass ; and having 
not been observed so definitely hitherto, it has received the name of Mashelynite 
as a new species. Bronzite, magnetic oxide, and sulphide of iron form the 
remaining ingredients of the stone, whose mineral and chemical characters 
strongly resemble those of the meteorites of Stannern, Juvenas, Jonzac, and 
Petersburg, these stones as a class forming a group that is widely separated 
from the great majority of ordinary aerolites. {Ibid,) 
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Ibbenbiilircn, Germany, 1870, June 17, 2 r.M. (local tipie). — In tbo same 
’No, of Poggendorff’s ‘Aiinalen’ as tliat last cited (of July 1872) is contained 
the analysis by Dr. G. vom Path, and the microscopic examination of thin 
sections by Dr. 0. Biichner, of a meteorite which fell in Westphalia in Juno 
1870. The principal meteorite, weighing 2| lbs., struck the earth some 
distance from a countryman who heard it fall, and, when passing by the same 
place two days afterwards, observed the hole where it had penetrated the earth 
of a well-trodden footpath to a depth of 2 t} feet. It was almost uninjured, 
being covered, except at some corners, by the usual black crust. It was 
brought, several mouths after its discovery, to Dr. Ilcis at ^tiinster, by whom 
some of the particulars attending its fall are related. A lightning-like flash, 
followed in about one minute by thunder, preceded the fall of the stone, 
which was heard striking the earth about three minutes after the flash. A 
small fragment, weigliing about 1 oz., was found 300 or 400 paces from the 
larger stone ; and no other fragments (tlie ground having since been tiUed) 
could be afterwards discovered. The black crust is dull and extremely thin, 
its rippled texture and penetration into fine crevices of the stone being only 
discernible by means of a magnifying lens. As seen at the fractures, the 
interior mass is greyish white, compact, and contains no grains of metallic 
iron (which, with chrome-iron, are absent in this meteorite), but interspersed 
yellowish crystalline grains, generally minute, but at one of the exposed sur- 
faces reaching to | inch, and even to 1 inch in diameter. Tlie microscopic 
sections show that this structure is continuous, the whole mass being com- 
posed of the same crystalline ingredients in larger or smaller grains. The 
specific gravity of the gridns is about 3*425, and that of the matrix about 
3*405. Chemical analysis also leads to the same conclusion, the separate 
crystals being found to have the composition — 

Oxides of manga* 

Silica. Iron protoxide. Magnesia, nose and calcium. Alumina. Total. 

54*51 17*53 2G*13 1*33 1*26 101*06 

Oxygen 29*07 1^82 0*59 

which is also the composition of the matrix. Classing the manganese with 
the iron, and the calcium oxide with the magnesia, the mineral substance is 
a bronzitc, or enstatite (110, Si 0^), in which the atomic proportion of iron 
oxide to magnesia is as 4 : 11. This simple composition is almost unique 
among meteorites ; but the aerolite of Shalka (India, J^ovember 30th, 1850), 
as analyzed by G. Rose and Rammelsbcrg, consists mainly of a bronzito 
(86*43 per cent., together with olivine 10*92, and chrome-iron 2*11 per cent.), 
having almost identically the same composition, viz. ; — 

Silica. Iron protoxide. Magnesia. Calcium oxide. Sodium oxide. Total. 

55*55 16*53 27*73 0*09 0*92 100*82 

The single-silicate composition of the Ibbonbuhren meteorite occurs again 
remarkably in the nearly pure bronzite or enstatite materials of the aerolite 
of Menegaum (India, June 29, 1843), as determined by Rammelsbcrg and 
Maskelyne, the analysis of the crystalline portion of which (as given by 
Maskelyne), from which that of the matrix scarcely differs, was as follows .* — 

Silica. Iron protoxide. Magnesia. Calcium oxide. Total. 

55*70 20*54 22*80 1*32 100*36 

differing only slightly in its specific gravity (3*198), and in a rather higher 
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atomic proportioa *of iron-oxide to magnesia, from that of the foregoing 
minerals. No examples of terrestrial enstatitos present nearly such a high 
percentage of iron in their composition as the above specimens of the same 
mineral found in meteorites are shown to exhibit by their chemical analysis. 

Lance, and Pont Loisel, Loir-et-Cher, France, 1872, July 23rd, 5^ 20“ p.e. 
(Tours time). — A brilliant meteor passed over a spectator stationed between 
Champigny and Brisay, towards north-east, in the direction of Tours. It 
presented the appearance of a spear of flame with two spheres of fire of an 
orange colour. The track of one seemed to incline downwards, that of the 
other to proceed straightforwards, the whole appearance becoming somewhat 
more luminous at the instant that a slight divergence of the course of these 
two spheres was first seen. It was lost to sight behind a cloud at St. Maure, 
and an explosion was heard at 5*^ 26“. Many observers affirm that they 
heard two distinct explosions very near together ; others noticed but one ; 
all testify to the appearance of two meteors pursuing nearly the same path. 
A meteorite fell in a field near Lance, Canton of St. Arnaud, and passed a 
metre and a half through the light soil into a bed of marl. It weighed 
47 kilogrammes [104 lbs.]. Some fragments separated by the fall were 
found near it.” (Note by M. de Tastes, presented by M. Sto-Clair Deville, 
^Comptes Ilendus,’ July 29tli, 1872.) 

‘‘In the last No. of ‘Comptes llendus’ [August 5th, 1872] M. Daubree 
records the more recent discovery of a second meteorite at Pont Loisel, 
12 kilometres [7| miles] south-east of Lance. Tlie line joining the two 
localities coincides with the direction of the trajectory of the meteors ; and 
the Pont-Loisel stone, though much smaller (it weighs 250 grammes [about 
i lb.]) bears the closest resemblance as regards mineral characters to the 
Lance stone. The smaller stone fell first [i. e. behind tlie larger one] — a cir- 
cumstance observed in former showers — and penetrated the soil to a depth of 
only half a metre [about foot].” (Extract from ‘ The Academy,’ Septem- 
ber 1st, 1872.) 

As a phenomenon perhaps connected with the appearance of the Lance 
aerolite, it may be added that a large bolide (as described by M. W. de Fon- 
vielle, in the ^ Eevue des Courses Scientifiques ’ of Aug. 3rd, 1807) was 
visible at Bayonne on the evening of the 23rd of July in that year ; but no 
further particulars of its appearance and of its apparent course were stated. 

Orvinio, Italy, 1872, August 31st, 5‘‘ 15“ a.m. (Home time). — In the 
‘Comptes llendus’ of October 1872, the occurrences of some bright meteors in 
August last are thus described by Father Secchi. One of these appeared on the 
11th, and was visible at Home, Yelletri, Naples, and Palermo. A more remark- 
able one was seen at Home on the morning of the 31st, at 5*^ 15“ a.m., as a 
bright reddish fireball appearing near the 8.S.W. horizon, and disappearing in 
the E.N.E. It moved slowly at first and then rapidly, expanding as it advanced 
to the form of a cone with a rounded base, and flaring up at disappearance 
with the emission of several bright lines, which were not seen by all the ob- 
servers. A train of light like smoke remained upon its course, which shone 
as if illuminated by the sun’s rays, although the sun had not yet risen. The 
sound of a violent explosion was heard a few minutes later which shook the 
windows of the houses. This was more like the dull heavy sound of the ex- 
plosion of a powder-magazine than like thunder ; and it was followed by a 
rumbling sound like that of distant musketry. Father Secchi heard the 
noise, but did not see the meteor. It was, however, also seen at Viterbo and 
Veroli; and the explosion was there heard quite as loud as at Home. A 
farmer watching his fields near Porto d’Anzio, saw the meteor at first over 
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the sea apparently motionless, and at a quarter past five he perceived it again 
in another place. A shepherd near Subiaco narrowly escaped being struck 
by a fragment of the meteor, which proved to be aerolitic. Father Secchi 
regards the occurrence of this meteor as one of the most interesting appear- 
ances of the kind on record. [Several other stones fell, weighing from less 
than an ounce to one or two pounds, and the largest were found near Orvinio, 
about thirty miles E.J^'.E. from Eome. Smaller pieces were picked up at La 
Scarpa and Gerano, eight and fifteen miles south of the former place. See 
Poggendorff's ‘Annals,’ vol. cl. p. 171; November 1873.] 

III. Meteoric Showers. 

Italian Observations, — 1838, June 23rd. — The No. for June 1869 of the 
‘ Bullettino Meteorologico ’ of Urbino contains the following citation by Prof. 
Serpieri of a passage of the scientific works of Count Joseph Mamiani 
(Florence, 1845), where he describes, in six letters to Arago, the meteoro- 
logy of Pesaro. “A few minutes before the occurrence (about 9 p.m.) of a 
very violent earthquake in that part of Italy on the 23rd of June, 1838, 
many shooting or falling stars were seen coming from the oast ; and they 
disappeared, gliding with their accustomed swiftness towards the south. 
They were pretty bright, of large volume, and appeared in such unusual 
numbers that people in Pesaro asked each other if fireworks were being dis- 
charged in some part of the town.” Additional observations of this shower, 
or of its returns, if they can be traced, will bo of great interest and im- 
portance. 

1871, August 9-llth. — As seen at most of the Italian stations, it was 
observed that the frequency of the meteors in this annual return of the 
August shower was nearly equally great on the nights of the 10th and 11th, 
and the time of the maximum abundance was variously estimated as having 
been shortly before, or at some time after, sunrise on the morning of the 
11th of August. Thus, at Cosenza Signor Bassani (assisted on the first night 
by Signor Scrivani) counted the following numbers of meteors in the half 
hours ending at 

9^ P.M. 9^^ W 10J»‘ IP* lip* 12»* 12i^ 13^ 13^^* 14^ 15p* Total. 

Meteors seen 


August 11th 
(1 observer) 

If the numbers seen in the first night are halved (having been reckoned by 
two observers), it will be seen that they were scarcely less abundant on the 
second than on the first night of the shower. The numbers seen at other 
places on the night of the 9th of August were much less than those counted 
on the nights of the 10th and 11th. A large number of the meteors seen 
were very bright, many descriptions of considerable fireballs occurring in the 
long accounts of this August star-shower collected in Padre Denza’s ‘ Bul- 
lettino Meteorologico ’ of the Moncalieri Observatory for August to November, 
1871, from which these notes of the star-shower are extracted. From the 
above list of observed hourly numbers, Signor Bassani concludes that the 
hour of maximum abundance of the meteors at Cosenza was during daytime, 
at about 10** 34“ a.m. (local time) on the forenoon of the 11th. Padre Secchi 
at Kome and Prof. Galli at Velletri also consider it to have taken place 
1873. 2 c 


August 10th 
ileteors seen 


j.lS 33 34 28 49 58 43 58 59 57 57 32 44 46 58 674 

ll7 10 16 15 23 11 25 23 24 24 18 22 16 243 
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during daytime of the 11th ; and by comparing together all the descriptions, 
Padre Denza regarded it as occurring between 2^ and 3^ a.m. on the 11th, 
irrespective of the effect of the rising moon in greatly diminishing the 
number of the meteors visible after that hour. A peculiarity of many of 
the brightest meteors was observed that they disappeared, and then again 
reappeared further on upon their course. The number of sporadic meteors 
was also greater than usual, being about one third of the whole number seen 
at Velletri in place of one fourth part, as was recorded in August 1869. The 
horary numbers of the shower at Velletri on the 11th of August, 1871, were 
greater than on the corresponding night (with an equally clear sky) in the 
year 1869, in the proportion of 102*2 to 67*5. The reduction of all the obser- 
vations made for the determination of the radiant-point is being undertaken 
by Prof. Schiaparelli, to whom all the observations were forwarded, at Milan. 

The November Shower in 1871. — In the same journal of Italian observations 
for December 1871 and January 1873, a few notices of observations of the 
November shower in 1871 at Italian stations are described. The sky was in 
general overcast, or nearly so, and few extensive watches could be kept. It 
was, however, found in Italy, as in England in that year, that the number of 
meteors from Leo seen on the nights of the I2th and I3th scarcely exceeded 
that of the unconformable meteors seen on the same nights. The time of 
central passage of the earth through the stream on the morning of the 15th 
(see the last volume of these Reports, p. 96) appears to have escaped obser- 
vation at the Italian stations, the sky on that morning having been every- 
where overcast. 

Meteor-shower of August lth’-12th, 1872. — Observations of this shower %vere 
communicated to the Committee from most of the observers usually recording 
their notes of such phenomena for the British Association, by the staff of 
Mr. Glaisher’s observers at the Royal Observatory, Greenwich, and by Pro- 
fessor Main’s assistants at the Radcliffe Observatory at Oxford. The sky 
was completely overcast, with wind and heavy rain, on the night of the 9th 
of August ; but with exception of this interruption a long list of observations 
of the shower was recorded on the other nights of its duration. The accom- 
panying Table shows that the apparent paths of 447 meteors were mapped, 
of which nearly the same numbers were seen on the nights of the 10th and 
11th by about the same numbers of observers watching for nearly the same 
time, in equally favourable conditions of the sky. Many of the shooting- 
stars were very bright, but the shower was not so conspicuous in the number 
of bolides, and of other meteors of all descriptions, as it was in the previous 
year. About twenty-five of the meteors seen were doubly or triply recorded 
by observers at distant stations, enabling their real paths to be computed, 
and a list of these simultaneous observations will be found in the foregoing 
catalogue of such results. The whole of the recorded tracks have been more 
or less completely projected upon graphic charts ; but it has not yet been 
found possible to determine very clearly the predominating centre of emana- 
tion, or the general limits of radiation of the shower from the miscellaneous 
groups of evidence which so many valuable independent observations will 
in the sequel afford. For this purpose a thorough sorting of all the recorded 
tracks among the known radiant-points of the epoch will be required, for 
which sufficient time has not yet been at the disposal of the Committee. 

Meteor^showers of Septemher-Novemher^ 1872. — On the nights of the 5th 
to 9th of September, 1872, Mr. Clark recorded the paths of several shooting- 
stars at York, radiating chiefly from Cygnus and Andromeda, the greatest 
namber mapped being ten per hour on the night of September 8th. 
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The sky was almost everywhere overcast on the nights of the 18th to 20th 
of October, 1872, and the moon shone brightly, so that no useful observations 
of the October meteors on this occasion of their annual return could be 
obtained, The condition of the sky was equally unfavourable on the annual 
date of the November shower of Leonids ; and among the few meteors seen 
in this interval, the small groups noted by Mr. Backhouse at Sunderland on 
the night of the 30th of October, and by Captain Tupman at Portsmouth on 
the night of the 1st of November*, are the only indications reported to the 
Committee of meteors during the months of September to November having 
been more than ordinarily abundant on any night before the appearance in 
the latter month of the bright display of shooting-stars connected with the 
recent periodic approach of Biela’s comet to the earth. 

The instructions communicated by the Committee to the observers of these 
meteoric showers included directions to record any unusual abundance of 
meteors observable during the last week from the 23rd to 30th of November, 
and to note their radiant-point. The anticipated watch was regarded by all 
the observers with attentive interest ; and the first symptoms of an approaching 
frequency of meteors was reported by Mr. Jackson of Tooting (Surrey), who, 
observing at Hyde Park in London on the evening of the 24th of November, 
in four 10“ intervals between 7^ 30“ and 9^ 15“ p.m., saw four meteors as 
bright as first -magnitude stars, all diverging from the expected direction of 
the Andromedes or Biela’s comet-meteors. Between 11^ 20“ and 12^ 40“ 
on the night of the 26th of November, the sky being equally clear and star- 
light, no shooting-star was visible in an equally attentive watch. 

The occurrence of a distinct shower of the Andromedes on the night of 
the 24th of November, 1872, was well proved by the observations of them 
obtained in America American Journal of Science,’ 3rd ser. vol. v. p. 53, 
Jan. 1873). They were first seen by Mr. T. Hadley, Prof. Twining, and 
Prof. Newton at Newhaven between half-past seven o’clock and midnight on 
that night, when their number was about forty per hour for one observer. 
Several of their tracks were mapped, and the position of their radiant-point 
was estimated by Prof. Newton, at the time, as being two or three degrees north 
of the star y Andromedmt- They were also noticed by Mr. Gummere, of 
Bethlehem, Pa., on the same night. On the night of the 25th the sky was 
more obscured by clouds ; but in comparison with the unconformable meteors 
visible at the same time, the frequency of the Andromedes appeared to be 
scarcely more than a third of what it had been on the previous night. 
During the night of the 26th the sky was quite overcast, 

A correspondent of ‘ The Field ’ newspaper of January 25th, 1873, Mr. 
E. L. Layard, adds at the end of an animated description of the Biela comet- 
shower, as observed in his vicinity at Para in Brazil, “ on the night of the 
26th of November [i. e, the 27th, European style] one of my servants 
informs me she saw an equally fine display on the 23rd inst.” This notice 
of the earlier shower in South America evidently relates to the same border- 
stream of the Andromedes, observed also by Mr, Maxwell Hall (‘ Nature 

^ As described in Appendix I. (Meteors doubly observed, November 3rd, 1872), viz. 
three radiant-points by Mr. Backhouse on October 30th, at 0°,-f-55® (4 meteors) ; at y, X 
Ceti (about 40°, +6°, eight or ten meteors) ; and perhaps a third radiant-point at e Piscium 
of a few meteors not conformable to the two former points : and lastly a distinct radiant- 
point of ten pretty bright meteors seen in about 40 minutes on the night of November Ist, 
and of three others seen in about the same time on the night of November 3rd, at 56°, 
4-24°, notified to the Committee by Captain Tupman. 

f A radiant-point of some fainter and more rapid meteors was at the same time 
noticed in the eastern sky, perhaps in the neighbourhood of Orion. 
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Maxell 6th, 1873) in Jamaica, with about the same radiant-point on the 
night of the 24th. The display of the 27th, Mr. Hall relates was simply a 
repetition of a star-shower quite similar to it on the former date. 

The first announcement of the principal display on the night of the 27th of 
November was received by Prof. Herschel at Newcastle-on-Tyne, by tele- 
graph, from Messrs. Waller and S. P. Thomson at York, and Mr. Backhouse 
at Sunderland at about 6 o’clock p.m., when it was also being watched at 
most of the observatories and other points of observation in the north of 
England and Scotland, while an impenetrable veil of cloud unfortunately 
prevented all the observers, south of a line drawn from Wisbeach on the 
Wash, through Birmingham, from obtaining a momentary view of it in the 
south of England. The best series of observations were accordingly only 
obtained at a few northern stations, where the sky continued cloudless 
throughout the night ; and the rate of frequency of the meteors was thus 
counted continuously until the end of the display by Mr. Lowe at Beeston, 
near Nottingham, and by Prof. Grant at the observatory at Glasgow. During 



Hour, P.M. (G. M. T.). 

the latter part of the shower a continuous enumeration of the meteors was 
also obtained by Lord Rosse at his observatory at Birr Castle in Ireland. 
The numbers counted by other observers in general only applied to very 
limited portions of the shower. It was thus observed by Captain Brinkley 
and his two sons, near Dublin, that bright meteors were already visible in 
full daylight on the afternoon, and that about twenty-three per minute could 
be counted by one observer as soon as dusk set in on the evening of the 27th, 
at about 6** 20™ p.m. Counting alone, Mr. Lowe reckoned that an even 
greater number per minute could be counted by one observer at that early 
hour. The numbers, however, rose as the hour grew later; and between 
about half-past six and eight o’clock p.m. the shower continued to be visible at 
its greatest brightness, declining gradually after this time until an observer 
near Dublin, Mr. M. H. Close, looking out for more than a quarter of an 
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hour immediately after 2 o’clock a.m., with a sky fairly clear for observations 
saw not a single meteor in that time. By examining the accompanying 
diagram, it will be seen that the curves of meteoric frequency, 1, 2, 3, which 
represent the rates of appearance of the meteors observed by Mr. Lowe, 
Prof. Grant, and Lord Rosse, all descend towards midnight to the low 
average of about five meteors per minute for one observer. 

At about the latter hour (corresponding to 52™ p.m., Washington mean 
time) the shower first began to be visible in the United States of America, 
where it was carefully observed by the astronomers at Washington, by 
Profs. Newton and Twining at Newhaven, by Mr. Marsh at Philadelphia, and 
by many other observers for some hours, with a view scarcely obscured by 
clouds. The following rates of appearance for a single observer are derived 
(as nearly as such reductions can be made by the convenient table supplied 
for this purpose by Prof. Newton; see these Reports for 1867, p. 412) from 
the numbers counted by the party of observers at Newhaven, and by Mr. 
Marsh at Philadelphia ; and the correspondence, if not complete, yet shows 
that the rate of appearance of the meteors at the commencement of the 
shower in the United States of America, did not differ very greatly from that 
observed nearly at the same absolute time in England, when the most long- 
enduring series of observations there of their decreasing frequency towards 
midnight were discontinued. 

Approximate numbers of meteors per minute for one observer of the star- 
shower in the United States of America on the 27th of November, 1872*. 


Washington mean time 

Meteors counted per minute . . . 
Greenwich mean time 


Washington mean time 

Meteors counted per minute. . . 
Greenwich mean time 


Newhaven. 


(;h44m 

54 in 'Jh 4 m 

15™ 

28™ 42™ 

6 

00 

10 

8*’ 17“ 38™ 

8-2 

7*7 5*1 

4-5 

4-4 3-7 

3-7 

3*1 2-5 

l|h52m 12 ^ 2 *" 12 ™ 

Philadelphia. 

23™ 36™ 50™ 

13^6™ 

25™ 46™ 

0 hl 6 m 

0^23™ 

37™ 

7 h 20 ™ 

54™ 

11»‘37™ 

5*5 

3 

2-5 

2 

1-5 

0-2 

1U24“^ 

1P‘31™ 

45™ 

12'‘28™ 

13^2™ 

16^45™ 


During the height of the shower various maxima occurred, the principal 
of which were seen by the English observers shortly before 7, and shortly 
after 8 o’clock p.m., with a less marked maximum between them. The 
greatest disagreement and uncertainties of the observations relate to the 
commencement of the shower, which set in and was first begun to be 
counted during the departing twilight. But as the sun had set nearly three 
quarters of an hour in Italy, and about an hour and a half at Athens when 
it disappeared in England, the observations begun at dusk in those more 
eastern stations supply materials to complete the curve of frequency towards 
its commencement, which may be more fully relied upon than the imperfect 
observations made at the same time in Great Britain. In the accompanying 
diagram, the curves 4 and 5 represent the numbers of meteors per minute for 
one observer, as recorded in Italy by Padre Denza at the observatory of 

* The times of observation in the first list are the middle points of the periods in 
which 200 meteors were counted at Newhaven ; and the numbers of meteors ‘‘per minute 
are the average rates of frequency in those periods from the numbers counted in the S 6 pa^ 
rate intervals as stated in the original list, reduced in each case to the number that 
have been recorded by a single observer watching for the same interval of 
numbers in the second list are similar average rates for the middle points of the intervals 
of his watch, as obtained directly from Mr. Marsh’s observations. 
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Moncalieri near Turin, and by Prof. Carlo Bruno at that of Mondovi in 
Piedmont. The curve No. 6 is the average rate of frequency per minute, 
as given for each hour of Athens time, beginning from about 4 o’clock p.m. 
(G. M. T), in the results of his observations of th6 shower by Dr. J. F. 
Schmidt, the director of the Athens observatory. All the curves thus shown 
are drawn in the figure in their proper relative positions in Greenwich time. 

The progress of the meteoric shower was intermittent, or composed of 
alternate lulls and outbursts of the intensity of the display which almost 
defeated attempts to count the meteors when fiights of large numbers of them 
often appeared almost simultaneously. The mode of counting adopted by 
Professor Grant at Glasgow, and by Professor C. Bruno at Mondovi, of noting 
the numbers visible in successive intervals of 5 minutes, fails to show the 
rapid oscillations of intensity which took place, while it gives very distinctly 
the gradual variations of the shower. The method adopted by Padre Dcnza 
at Moncalieri was to record the minute and second of time at the end of each 
interval in which 400 meteors were counted, and the curve of frequency thus 
obtained shows all the sudden oscillations of the shower*. The description 
of its appearance by Padre Denza suggests that in the clear Italian sky more 
remarkable features attended it than have been recorded in any other 
meteoric shower. Frequently small white or yellowish clouds sprang up in 
the clear sky, and after remaining visible for a few seconds disappeared. 
Some of these as soon as they appeared dispersed themselves in shooting- 
stars, in general minute, but sometimes all of considerable brightness, 
radiating towards every side like fragments from a bursting shell. The most 
remarkable of them made its appearance suddenly near and north-west of the 
radiant-point above Capella at 6^ 35*” p.m., in full view of the observer, Signor 
Yergnano, without being preceded by any shooting-star. It formed a round 
white or yellowish nebular patch of light, about 2° in diameter, in the appa- 
rent position 71°, + 45°. It slowly drifted a short distance towards the west, 
becoming elongated and assuming various shapes as it gradually grew fainter 
and yellower in colour. At 6^ 50“* its position was near a and \ Persii at 
57°, +53°, and it disappeared at this place at 6^ 56® p.m., having been con- 
stantly visible for not less than 21 minutes.” Similar meteoric light clouds 
are stated by Padre Dcnza to have been seen in the November star-showers 
of 1868 and 1869 at Madrid and in the United States, and in the August 
meteor-showers of 1867 and 1872 by the observers at Modena and Urbino ; 
a substance of unusual tenuity in such cases perhaps entering the atmo- 
sphere, and either emitting some denser shooting- stars at its collision, or 
remaining luminous alone at the point where it first encounters the upper 
strata of the air. “A more singular appearance, not exemplified in any 
former star- shower, took place at about 7*" 30® p.m., during the greatest 
intensity of the shower. A cloud of faint greyish light, like a thin veil, 
spread itself in one instant over the wide space in Cr>melopardu8 between the 
Pole-star and the Lynx, with its centre at about 55°, + 66°, and with a 
breadth of about 20°, hiding the faint stars in that direction. From this 
cloud Signor Yergnano and I beheld with Burj)riso a perfect shower of 
meteors of the smallest size falling vertically on all sides, like the slenderest 
serpent fireworks, differing entirely from the star-^shower that occupied the 

* A process of equal- weight reduction, recommended Iw Mr. Glaisher, for levelling 
very abruptly varying observations, was three times applied to the meteoric rate-curve at 
Moncalieri before all the extraordinary oscillations which it presents were so considerably 
removed as to produce even the very irregular curve of frequency represented on the 
accompanying figure. 
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)ther portions of the sky, and continuing to appear as long as the principal 
shower was at its height until 5 minutes after 8 o’clock. The cloud then 
gradually dispersed, and at 8 minutes after 8 o’clock it left the portion of the 
sky which it had occupied as clear as it had been at first. So small and 
frequent were the meteors of this group that they could not bo counted, and 
they were omitted from the enumeration of those which passed across that 
region of the sky.” 

Although many meteors of great brilliancy were seen, Padre Denza esti- 
mates the proportion of first-magnitude shooting-stars not to have exceeded 
the fifth or sixth part of the whole number visible. Their courses were short, 
their speed moderate, and their colour white or bluish white. A faint aurora 
was visible during a great part of the continuance of the shower. 

These singular features of the display were not, however, recorded by the 
majority of the observers; but a faint aurora was observed at Palermo and 
at other places in Italy, which, owing to commotions of the sun’s photo- 
sphere on that day, and not in the anticipation of any meteoric shower, Prof. 
Tacchini telegraphed to some distant stations would probably be visible during 
the night of the 27th. It was seen at Liverpool, and elsewhere in England ; 
as well as a much brighter aurora at Bristol on the morning of the 24th. 

The shower was seen at Bombay, beginning at 8 o’clock p.m., and lasting 
with great brilliancy for eight hours ; at the Mauritius passing its maximum 
between IP' and half-past II o’clock p.m. (where pulsations of the Aurora 
Australis were also seen) ; and at Para in Brazil beginning at dusk and con- 
tinuing until nearly midnight, besides at numerous places in Europe and 
the United States of America where it was carefully observed. Prom the 
nearly vertical descent of the meteors in Europe and America from a radiant- 
point overhead, their apparent paths and durations were short, and a few 
only of the brightest left very persistent streaks. It was remarked by Prof. 
Newton that the bodies themselves were without doubt smaller, and would 
therefore in any case be more quickly consumed than the ustlal August and 
November meteors. None were observed at Washington or Newhaven that 
would have appeared notable in cither the display of August 1 0th or of 
November 14th. Among the 10,000 meteors counted at Glasgow Obser- 
vatory by Professor Grant, only eight are described as having been as bright 
as Sirius or Jupiter ; and about the same number were regarded by Mr. Lowe 
as sufficiently conspicuous for description among about 14,000 meteors, which 
he estimates to have been visible from his point of view. By Padre Denza 
about twenty meteors are stated to have been as bright as Jupiter or Yenus 
among the 33,000 shooting-stars counted by his assistants. In a foggy and 
lamp-lit atmosphere on the Capitol at Dome, Padro Secchi reckoned only a 
fifth part as equal to second-magnitude stars, and a twentieth part as bright 
as first-magnitude stars. Of the latter kind 188 were recorded, and only 
thirty-three leaving phosphorescent streaks, among a total number of nearly 
14,000 meteors seen there by his observers. One of these bright meteors was 
a fine bolide, leaving a bright streak visible for about 3 minutes. Prof. Tacchini 
states the numbers of various brightnesses seen at Palermo thus : — 

Ist 2nd 3rd 4th 5th and 6th magnitudes. 

Numbers of meteors seen 10 1 40 53 698 (Total 802) 

Of the ten first- magnitude meteors four were unconformable, and radiated 
from a point below Orion, leaving very persistent streaks. Among about 
8000 meteors seen at Athens, Dr. Schmidt could also not include a single 
bolide having a sensible apparent disk. The average magnitude of the 



392 


REPORT 1873. 


meteors at all tlie stations where they were carefully described is regarded as 
not having much exceeded the fourth magnitude of the fixed stars. Orange, 
red, and yellow, and more rarely green, were the predominating colours of 
the brightest ; and when thus conspicuous an aureole of red and yellow sparks 
surrounded the nucleus in mid course, while a short white streak was left for 
a few seconds, and very rarely for a few minutes, upon the track. The astro- 
nomer at Bordeaux, M. Lespiault, however, records (‘ Comptes Eendus,’ 1872, 
Dec. 2nd) that “ many of the meteors left bright streaks, some of which re- 
mained visible 10® or 15®, changing their shape and position in the sky 
slightly before they disappeared.” The great majority of the meteors were 
mere points of dull white or yellowish light, without sparks or streak, moving 
with very moderate speed in short courses of from 4° to 6° only, attaining 
greater lengths of 10° or 15° and brighter white or bluish colour only in excep- 
tional cases of the larger meteors of the shower ; their extinction was always 
without explosion and quite gradual, but a few showed two maxima of 
brightness or intermittent light. A frequent peculiarity of the meteors was 
a curved or wavy course. This was noticed by Dr. Schmidt at Athens, by 
Prof. Newton at Newhaven, and by Mr. E. L. Layard at Para in Brazil, who 
writes, “ Some I saw apparently disappear for a moment and come out again, 
and two to my great surprise had a wa\’y course.” 

At the Mauritius, on the other hand, where the radiant was nearer the 
horizon in the north, the meteors had long courses, and frequently left long 
streaks upon their tracks. The first meteor at 11*' 22® p.m. started from 
the tail-stars of Aries, and vanished south of the ecliptic. The train of this 
meteor was distinctly visible for 4 minutes, slowly wheeling from horizontal to 
vertical, and remaining 2 minutes vertical to the horizon. The other meteor, 
starting from a point at right angles to Aries and the Pleiades, passed through 
the Pleiades, Taurus, and Orion, and vanished near Sirius. Its luminous 
train was visible for more than a minute. Nearly all the meteors observed 
radiated from a point near Aries, at right angles with the Pleiades, and shot 
either like the last or transverse to it. A streak as broad as the head in all 
cases, and in 80 or 90 per cent, of them 10° or 20° long, remained visible on 
their tracks generally for a second or two. In the last two cases the broad 
bright streak was at least 40° long.” (Messrs. Bruce and Hon. E. Newton.) 

“ From 10*^15® to lO^'SO®, the Hyades, Pleiades, and Orion being about 
40° or 50° above the north horizon, the meteors appeared flying from north 
to south, and from N.E. to S.E. or from N.W. to S.W. on each side of north. 
Their rate of appearance was about one per second, two or three sometimes 
appearing together. The nearer ones every few minutes showed trains and 
sparks like a rocket, varying from 2° or 3° to 5° or 6° in length, and seldom 
reaching 10°. Towards 11 o’clock fewer seemed to be falling than before.” 
(Messrs. A. C. McPherson and Hon. Robert Stein.) 

In lat. 19° 52' S., long. 50° 25' E., Captain Gaston of S. ^ Penelope,’ ‘‘ saw 
an extraordinary star-shower beginning at about 7 ^ 30®. The meteors shot 
from north towards south-east. Some of them were bright, others leaving 
only a slender streak, and this display lasted until 2 ^ a.m.” The radiant in 
the Mauritius must have been near o ( Persei, and the time of maximum of 
the shower at or soon after ll*' p.m. (Mr. C. Meldrum’s report on the shower 
in ‘ Nature ’ of January 23rd, 1873.) 

The radiation of this star-shower was very scattered, and the positions 
assigned to it by various observers often differed very considerably from each 
other. Thus the last-mentioned position assigned to it by Mr. Meldrum 
from the observations at the Mauritius, is at about R. A. 54°, Deck + 31° ; 
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while an observer near Dublin, Mr. M. H. Close, describes its position as near 
{ Andromedae at E. A. 19°, Decl. -f- 45°; and independently of their geo- 
graphical position, such differences are found among the notes of many ob- 
servers of the shower. The great majority of the best determinations of its 
place are, on the other hand, very near the latter place. The accompanying 
diagram shows the recorded positions, from ninety independent determina- 
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tions of its place, which are described as definite points among the accounts 
given by different observers of their observations of the shower. The prin- 
cipal region comprises a compact group of about thirty-five observations, 
having their centre or average place at E. A. 25°-l, Decl. -|-42°*9. There are 
besides many observations of radiant-points on the northern and eastern side of 
this group (twenty-two observations) in the same ten-degree square of E. A. 
and Decl. with it, of which the centre is at E. A. 25°-9, Decl. + 46°-7, 
forming an apparent diffuseness of the principal radiant region in that 
direction. Lastly, the average position of all the outlying radiant-points 
(thirty- three observations) is at E. A. 23°-0, Decl. -|-45°*3, and the average 
position of all the ninety observations projected in this map, at E. A. 24°*54, 
Decl.-|-44°-74, can scarcely be more than half a degree from the general di- 
rection of these numerously recorded centres of divergence of the shower. 
The position fixed by Mr. Hind’s computation of the radiant-point of par- 
ticles of Biela’s comet had the shower been visible at the comet’s last return 
in 1866 is at E.A. 25°*25, Decl. -|-42°, not quite 3° southward from the 
general radiant place, and 1° south of the mean principal or central radiant- 
point of the shower as found by these observations of its recent great appear- 
ance in November 1872. 

The November Meteoric Shower in 1872. — The annual appearance of the 
star-shower on the morning of the 14th of November, 1872, was observed at 
the Lyceum at Matera, in Piedmont, by Signor Viso Eugenio ; and from the 
numbers seen, it appears to have been of considerable brightness. The 
following were the hourly numbers counted. Although the number of the 
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observers is not stated it was probably four, the number who watched the 
appearance of the following star-shower on the 27th of the same month, and 
who counted during the whole of that single night 44,644 shooting stars ! 
(Communicated by G. V. Schiaparelli and Padre F. Denza). 

Total numbers of shooting stars seen at Matora, Italy, on the morning of 
November 14th, 1872, in the half-hours ending at — 

121‘30™a.m. P 2** 2 ^ 30 ^ 3** 3»'30"’ 4»‘ 4^30“ 5*' 5*’ 30™ 6^^ ToUl. 

Nos. of ] 

meteors I 7 10 9 13 17 25 41 79 122 149 109 57 638 

seen J 

Star-slioxvers of De^eixxJ>er 12th, 1872, and Jannary 2nJ, 1873. — From the 
effect of bright moonlight and of a cloudy sky, no observations of the 
December meteors in 1872 could be obtained. The sky was equally overcast 
on the night of January 1st, 1873 ; but accounts in the newspapers (‘ Daily 
Telegraph ') of the 3rd mentioned the occurrence of several bright meteors on 
the morning of the 2nd of January between l^’and 2**a.m. at Wrexham. On 
the night of December 31st, Mr. Denning traced the paths of twelve meteors 
in 3 hours on a map, without perceiving a distinct radiant-point, the principo’ 
centres of divergence being apjmrently near ^ l/conis, « Geminoruiu, and in 
Ursa Major. The sky was clear, and the light of an aurora rather bright in 
the north. 

On the night of January 2nd the sky was clear between storm-clouds nt 
Bristol, and Mr. Denning saw an intense flash of lightning (which was i>er- 
haps meteoric) from the south, at Bristol. But shooting-stars at this place 
and at other stations where the sky was clear were exceedingly scarce until 
midnight, not more than two or three small ones appearing in an hour. The 
largest number counted was six meteors })er hour, by Mr. Wood at Birming- 
ham, of which only one diverged from the usual radiant-point of the January 
shower. The appearance of the star-shower at Wrexham on the morning of 
January 2nd was, however, fully confirmed by Mr. Backhouse at Sunderland, 
who in a watch kept between 5^ and 7** a.m. on that morning, recorded the 
paths of 31 meteors, the rate of their appearance being 37 per hour for one 
observer. The radiant-point, or rather the centre of a radiant area, which 
seemed to be 7^ or 8^ in diameter, was at K. A. 234°, N. Decl. 48°, within 
3° of the position near c Quadrantis, where it was observed by Professor 
Herschel on the 2ud of January, 1864 (‘Report’ for 1864, p. 98), and 
agreeing well with the bright character of the display, and with the great 
scarcity of meteors on each of the adjacent nights, in marking the shower as 
a very weU-defined reappearance of the January meteors of that periodic date. 

On the nights of the 25th and 27th of Febt^uary, 1873, bright meteors 
were seen by Mr. H. W. Jackson at Tooting, who drew attention to their 
appearance as perhaps indicating special star- shower dates. On the latter 
night several bright meteors were also noted by Mr. Denning at Bristol while 
observing Jupiter through a telescope, without paying particular attention to 
record their numbers and directions. A bright flash like lightning appeared 
behind a cloud in the south at 10** 30"*, the rest of the sky being clear ; and 
a bright shooting-star observed at 7** 30“ was recorded simultaneously by 
Mr. Denning and by Mr. Jackson at Tooting (see the foregoing list of double 
observations). 

The April Star^shower in 1873. — On the nights of the 19th and 20th of 
April, 1 873, the sky was in general clear, with fog or clouds at some stations 
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only, but on the 2lBt it was generally overcast. In London, and at Bristol, 
Street (near Bath), York, Sunderland, and Newcastle-upon-Tyne, observa- 
tions of some hours’ duration on each night were made ; and a list of shooting- 
stars was also recorded on the night of the 2l8t by Mr. Denning at Bristol. 
The number of meteors from Lyra did not exceed that of the unconformable 
meteors (amounting together to about eight per hour) on either of these 
periodic nights ; but the proportion observable on the 19th was slightly higher 
than on the other nights, A long-continued watch was kept by Mr. Lucas at 
the lladcliffe Observatory at Oxford from 10 o’clock p.m. until half-past two, 
and half-past one o’clock a.m. on the nights of the 19th and 20th of April 
rcsjK'ctively, with similar results. The centre of the April meteor-stream 
appears from thesis observations to have been crossed by the earth during the 
daytime of April 20th, when daylight intervening between two slender indica- 
tions of the shower must have caused the period of its greatest intensity to pass 
unobserved. Four double observations of shooting-stars occurred among the 
lists recorded on the first two nights, descriptions of which are contained in 
the foregoing catalogue of such identifiable accordances. 

The jhirjuM Meteors in Ls73. — The observations of this annual shower 
were much incommoded by clouds, and the brightness of the full moonlight 
concealed a large pro})ortion of the meteors of the shower, which would 
otherwise have been visible. On the night of the 10th the sky was every- 
where completely overcast, and on that of the 11th so much so that a conti- 
nuous record of the numbers seen could not be obtained at any of the ob- 
servers’ stations. The following are the numbers seen at Bristol by two 
observers, looking towards the N.E. and N.W. quarters of the sky, during 
successive quarters of an hour, ending on the night of the 9th of August at 









Totals in 


lO" 3n"’. 

45‘“, 

11\ 

15"\ 

30^, 

45™, 

P 15™. 

N os. of meteors | 
seen in the N.W. 
(C. P. Denning) . J 

" 2 

3 

0 

1 

2 

1 

9 

Nos. in the N.E. 1 
(E. Barker) . . . . j 

1 » 

4 

1 

5 

3 

4 

26 

Total numbers seen 

11 

i 

1 

6 

5 

5 

35 


On the night of the 1 1th Mr. Denning found them to be more frequent 
than on the 9th, and the appearance of their display was that of an August 
star-shower of somewhat considerable brightness. At the other stations it was 
not found possible to count the meteors, as at Bristol, so as to trace the pro- 
gress and apparent brightness of the shower on account of the frequent in- 
terruptions from the general prevalence of cloudy skies ; but a continuous 
watch kept at the BadclifFe Observatory, Oxford, by Mr. Lucas, for about 
four hours on the night of the 9th, and for an hour and a half on that of the 
11th, corroborates Mr. Denning’s observations. About 50 meteors were 
mapped at all the stations in a total watch of about 7 hours on the 9th, and 
about 30 meteor-paths in a total watch of about 3^ hours on the 11th. Those 
meteors of the collected list which were simultaneously observed at two or 
more stations in the watch are described in the above catalogue of double 
observations. The position of the radiant-point and other particulars of the 
appearance of the shower will be examined for comparison with the observa- 
tions of the previous year, when the necessary projections of the meteor- 
tracks can be completed. 
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Meteors of September let, 1873. — Quite an abundance of bright meteors 
(as communicated by Mr. J. E. Clark) was seen at Street, Somersetshire, on 
the night of the 1st of September, 1873. Nine meteors, some of them very 
fine ones, were seen between 11*" and 12** p.m., mostly in the south ; but the 
directions of their apparent paths were not noted with sufficient accuracy to 
determine the place of their radiant-point, or if all the meteors of the display 
diverged very definitely from a common centre. 

IV. Papers relating to Meteoric Astronomy. 

The discussions relating to the second great star-shower in November, now 
known to be connected with Biela’s comet, occupy the principal place of in- 
terest among the various published papers on meteoric astronomy during the 
past year. In the Reports of this Committee for the years 1868 (p. 399) and 
1869 (p. 305), the communications of Professors d’ Arrest and Galle on the con- 
nexion of certain comets with meteor- showers are briefly abstracted from two 
Numbers (1633 and 1635) of the ‘ Astronomische Nachrichten ’ of the month of 
March, 1867 (the same apparent connexions having alread)’ been announced 
by Dr. Weiss, of Vienna, in the next preceding No. 1632 of the same Journal), 
with some errors and omissions which require correction. The star-shower 
indicated by d’ Arrest differs entirely from the principal December star-shower 
of December llth-13th, there supposed to be signified, whose radiant-point 
is between the constellations Gemini and Auriga. That indicated by Prof. 
d’Arrest is a star-shower, having a more north-westerly radiant-point in 
Andromeda, appearing in the British Association list of 1868 as Aj„ (Nov. 23- 
Dec. 18), connected perhaps with A,^ j, of an earlier date, and in Dr. 
Heis’s list of the year 1867* as A,^ aiidXjj, in the latter half of November and 
beginning of December, whose positions are all in or near the constellation 
Cassiopeia. It is pointed out by Prof, d' Arrest that meteoric showers having 
this direction occurred on the following dates : — 

A.D. 1741. A.D. 1798. A.D. 1830. a.d. 1838. 

Dec. 5. Dec. 6. Dec. 12, [?A bolide only.] Dec. 6 & 7. 

which may be supposed to be connected with the passages of the earth through 
the node of the orbit of Biela’s comet. On the last of these dates the position 
of the radiant-point was found by Flaugergues in France, and Herrick in the 
United States to be near Cassiopeia, at about 30°, -|-40° for the former, and 
in less R. A. and greater declination for the latter observer’s estimate of its 
position. 

In ‘ Nature ’ of Jan. 16th, 1873, Mr. T. W. Webb thus recalls some excel- 
lent observing-notes of that star-shower, which he formerly reported with 
many similar notes to the late Professor Baden Powell: — “1838, Dec. 7. 
A great number of falling stars were observed between O*' and 7^ p.m. In 
about half an hour 40 were counted, sometimes by one, sometimes by two, 
sometimes by three observers, two at a medium. They were of all magni- 
tudes up to the first. The larger dissolved into a train of light, but left no 
train behind them. The S. and W. quarters were chiefly observed, but their 
prevalence seemed to be universal. They all feU in nearly a vertical direc- 
tion ; but those in the N.W. and S.E. quarters inclined towards S.W. [i. e. the 
radiant-point was not far from the place occupied by it in November 1872]. 
The colours of the more conspicuous ones seemed to verge towards orange. 
Their courses were of no great length. There was at the same time a pale 

* ABifonomieche Nachrichten, No. 1642. See end of this Report, 
t These Reports, 1852, p. 185. 
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auroral light along the north horizon, extending from N. W. to N.E., apparently 
equally extended on each side of the true meridian. The meteors were not 
watched after T*'; but about 1V\ on looking out again, I saw one, the only 
one in several minutes in the S.W. ; but it had now no longer a vertical di- 
rection, its course pointing now to the N.W.’’ The endeavours of the Com- 
mittee to consult an account of the same phenomenon by Mr. Mavcrly at 
Gosport, if it was published as stated by Mr. Webb, have not hitherto been 
attended with the success that will, perhaps, await the further continuation 
of their search. 

An error of omission is also contained in the above-mentioned abstracts of 
the Papers of d’Arrest and Galle ; as it is not observed that the latter as well 
as the former astronomer pointed out the probable connexion of such meteoric 
showers with Biela’s comet. At the close of his note on the cometary cha- 
racter of the Aj)ril star-shower. Dr. Galle adds : — Amongst other comets 
yielding meteor-showers, if some overtake the earth they would appear more 
deflected from their real orbits than meteor-streams arriving from the oppo- 
site direction. As an example of this kind, I calculated the radiant-point of 
the comet of Biela at its descending node, since the date of this (Nov. 28th) is 
found to occur in a period of considerable frequency of meteors ; but I have 
not found in all the observations to which I could refer that the date of 
Nov. 28th is especially distinguished from other days near it ; and it appears 
to be connected with the weeks immediately preceding and following it in 
the prevalence of meteoric displays. The comet’s direct motion makes the 
date of its nodal passage less fixed and less certain, and the agreement with 
observations accordingly less likely to be so perfect in the case of this comet 
as in other cases. Yet renewed observations on the night of the 27th of 
November certainly deserve to be very carefully repeated.” (Breslau, March 
11th, 1867 ; ‘ Astronomische Nachrichten,’ No. 1635.) D’ Arrest’s communi- 
cation in the < Astr. Nachr.’ No. 1633, is dated Copenhagen, Feb. 25th, 1867. 
The calculations showing the probable connexion of two comets (1861, I., and 
Biela’s comet) with the April and November to December star-showers by 
Dr. Weiss, are contained in an earlier No. (1632) of the ^Astronomische Nach- 
richten.’ The latter memoir was extended and completed by Dr. Weiss in the 
‘Astronomische Nachrichten,’ No. 1710, and in the valuable paper presented 
to the Academy of Sciences at Vienna on the 16th of January, 1868, ‘ Beitrage 
zur Kentniss der Sternschnuppen ’ (see these lleports for 1869, p. 304). 

A short review of the above predictions was presented to the Royal Astro- 
nomical Society (‘ Monthly Notices,’ vol. xxxii. p. 355) during the summer 
of last year in preparation for the expected approach of Biela’s comet to the 
neighbourhood of the earth’s orbit in the latter months of the year ; and the 
attention of astronomers appears to have been already drawn to the favour- 
able prospect of a meteoric shower from the above-cited papers sufficiently 
to make its character at once decided by the majority of the observers when 
the abundant star-shower was observed. Prof. Klinkerfues at Gottingen, 
whose observations of the shower were most complete, immediately dispatched 
an instruction by telegraph to Mr. N. Pogson, the astronomer at Madras, to 
search the portions of the sky opposite to the radiant-point for any cometary 
body which might be visible in the direction of the departing and retreating 
meteor-group through which the earth had passed. Such a comet was found 
by Mr. Pogson on the 2nd of December, about 13° from the place of the anti- 
radiant-point, and close to the position pointed out by Dr. Klinkerfues. 
Another observation of it was obtained on Dec. 3rd, and there is sufficient 
resemblance in the observed track of the comet to that which meteors con- 
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nected with Biela’s comet might pursue to make it probable that this tele- 
scopic body is at least a member of the cometary group, of which it is not 
impossible that the double comet of Biela may contain other representatives 
hitherto not detected by telescopic observations*. Should the principal bodies of 
Biela’s comet have undergone no uncalculablo perturbations, it is shown by 
Mr. Hind (‘Monthly Notices,’ vol. xxxiii. p. 320) that up to its expected return 
in the year 1866, no calculable causes depending upon its actual position until 
that time have been overlooked, and that if uniuvestigated disturbances may 
yet explain its presence in the recent meteor-shower at a place of its orbit which 
it should have passed at least twelve weeks before the date of the meteor- 
shower, those disturbances must have affected its course during the last re- 
volution (1866-73) which the comet has performed. It appears more pro- 
bable that the comet has faded out of sight ; and it is pointed out by Professor 
Schiaparelli, in a new volume of three lectures on meteors published in con- 
nexion with these recent discoveries at Florence, that more than one instance 
of variability has been observed in comets, of which the two portions of 
Biela’s comet itself presented a remarkable example at the last return, when 
interchanges of brightness were observed between them. It may also be 
added that when first discovered to be periodical in the year 1826, it was 
found to be identical with a comet obser\’ed in the years 1772 and 1805, 
having accordingly escaped observation duiing two previous series of returns 
in this and the last century, when it might be expected to have been detected, 
had not some diminution of its light, perhaps, rendered it invisible on each of 
those occasions. Telescopic and meteoric observations may thus bo found, if 
perseveringly conducted and comprehensively carried on together, to assist 
each other in tracing the effects of the sudden variations in their physical 
condition to which comets, from their small masses and highly eccentric 
orbits, are exposed, more than all other classes of astronomical bodies, in 
their circumsolar revolutions. 

The newly discovered connexion between meteor-showers and comets, 
according to which the periodic comet of Biela and the recently observed 
star-shower are associated members of a common stream of bodies following 
each other in nearly the same path about the sun ; and the question of the pro- 
bable nature of the physical connexion between the invisible particles of the 
meteor-stream, and the faintly or brightly luminous body of its attendant 
comet, have given rise to considerable discussion respecting the extent and 
mode of the connexion in which comets in general, and all the different 
forms of meteoric substances may possibly be regarded as allied phenomena. 
With respect to appearances of the latter class, it must be admitted that 
many of the grounds for such conclusions regarding detonating fireballs and 
aerolites are hitherto very indefinite and uncertain. The directions and real 
velocities in space of very few aerolites and detonating meteors have been 
exactly ascertained ; while, on the other hand, the collected proofs derived 
from observations of a distinct connexion between star-showers and periodic 
comets are as abundant and precise as the most rigorous process of research 
in any kindred subject of scientific inquiry would demand. Iteviewing 
certain instances of hyperbolic velocities of ^eballs and aerolites that have 
been sufficiently well observed to be accepted as examples of their class, and 
contrasting the evidence which they present with the remarkable absence 
among comets of very excentric hyperbolic orbits. Prof. Schiaparelli is led to 
recognize two different original sources of these two classes of bodies, and to 
regard comets as cosmical bodies belonging to the same star family, or “ star- 
* Astronomical Society’s ‘ Monthly Notices/ vol. xxxiii. pp 128 & 130. 
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drift ” as the sun, and some aerolites and fireballs as derived from more 
distant regions of the fixed stars, the direction and speed of whose motions in 
space (as gathered from the recent researches of Dr. Huggins and Mr. Proctor) 
resemble each other, hut differ considerably from those of the sun. As 
examples of hyperbolic velocities among fireballs and aerolites are of rather 
rare occurrence, it is, however, admissible to regard these instances as 
exceptional cases, and not as the normal representatives of their class*. In 
that case aerolites, as well as shower-meteors, may be parts of cometary 
systems; and it is not impossible that the extraordinary meteorological 
changes which comets undergo from the excentricities of their orbits, may, 
by the process of a kind of ‘ weathering,’ disintegrate their surfaces suffi- 
ciently to scatter such bodies in crowds along their pathsf- In this view, 
instead of presupposing the existence of cosmical clouds containing all these 
several bodies separately formed, comets may be regarded as parent bodies, 
from which aerolites and shower-meteors are similarly derived. Adopting a 
special theory of the origin and of the physical constitution of comets, 
Zdllncr explains the production of such star-showers as that which was wit- 
nessed last November, by a process very similar to the last^. Supposing the 
remnants of a shattered star or planet to be scattered by some catastrophe 
into intrastellar space, besides the materials of aerolites and detonating fire- 
balls which would result, it may be assumed that fiuid masses, as of their 
seas (and possibly hydrocarbons) and other easily volatilizable substances 
would occur among the debris of such a shock. Among the fluids and easily 
vaporizable materials thus ushered into space, and there maintained as 
li(juids or solids by cold, and by their own attractions, the sun’s heat acting 
upon their otherwise fixed masses, when first drawn into its immediate 
neighbourhood, would effect a surface distillation sufficiently abundant to 
detach some vaporous portions from their spheres, or even to volatilize them 
completely, and to efface them after many periodic revolutions from the sky. 
These vapours might possibly recondense afterwards into solid dust or drops, 
to assume tlie form of meteor-streams along the cometary orbit, producing 
oil their collision with the earth’s atmosphere, the extraordinary phenomena 
of star-showers §. In accepting such explanations of their oiigin, it must be 
borne in mind that the streams of meteor-particles with which some periodic 
comets are associated are altogether differently constituted from the tails and 
envelopes of such comets, in obeying, as far as has yet been discovered, 
without any deviations like the extraordinary exeeptions which those appen- 
dages present, the simple law of universal gravitation which governs the 

* Schiaparelli, ‘Entwurf einer Astronomischen Theorie der Sternschnuppen ’ (Stettin, 
1871), pp. 207-210, and 216-220. 

t Ibid. pp. 212-13. 

\ F. Zdllner, “ Ueber den zusammenhang von Stern schniippen und Cometen,” Poggen- 
dorff’s Annals, vol. cxlviii. pp. 322-29. See also ‘ Ueber Die Natur der Cometen’ (Leip- 
zig, 1872), by the same author, p. 109. 

§ That even mineral substances are gradually volatilized at comparatively low tempera- 
tures, and sublime or are recondensed in appreciable quantities, is shown by some remark- 
able experiments by the Rev. W. Vernon Harcourt on various minerals placed for many 
years under the hearth of an iron smelting-furnace, as described in the volume of these 
Reports for 1860, p. 175 et. scq. (with coloured plates). Under the action of a prolonged 
heat, in which neither copper, zinc, lead, nor tin were melted, the oxide of copper which 
formed a crust upon the plate of that metal, had sublimed, and deposited itself in red 
crystals along with sublimed metallic copper, not only upon the surface, but also in the 
interior of the neighbouring piece of lead. The adjacent pieces of the other metals were 
similarly calcined, and coat^ with a thick crystalline crust of their oxides wffich had 
diffused itself in a similar manner among the substances of the surrounding blocks (see 
the explanation of the experiments and of the plates, at pp. 188 and 192 of that Report). 
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motions of the planets and of the comets in their paths. It is also important 
to observe that among the spectra of several telescopic comets which have 
been examined, there is a typical resemblance which leads us to infer that the 
coma or envelope of such comets is at least in great measure composed of 
gases shining, for some reason, with self-resplendent light. A state of 
liquid or solid aggregation of vaporizable materials by extreme cold cannot 
on this account be regarded as a complete explanation of the original con- 
dition of their nuclei, unless, with ZbUner, we admit that a feeble electrical 
excitation accompanies the development of the vapours from them that pro- 
duce the envelope and tail ; and that a restoration of the disturbed electrical 
equilibrium among these vapours produces in them (as in the extensive tracts 
of auroral clouds) a sufficiently strong illumination to be visible on account 
of their great depth ; as even bright auroral beams may be produced by weak 
electrical discharges lighting up vast volumes of air through which they pass. 
The free electricity with which the vapours are charged would be suffi- 
cient, as shown by Dr. ZbUner, to account for the rapid projection of the 
extremely rarefied materials of the tail in an outward direction from the 
sun, if its tension, and that of free electricity similarly present in the sun 
itself, is supposed not to exceed the amount assigned by Hankel as the ordi- 
nary tension of free electricity in the earth's atmosphere. On account of 
their larger masses (compared to the surfaces, upon which electricity resides) 
no sensible efiect of repulsion is produced by solar electricity on the nucleus, 
and on the larger fragments separated from the comet^s mass, that appre- 
ciably diminishes the force of universal gravitation upon them, to which, in 
common with aU other bodies coming within the sphere of the sun’s attrac- 
tion, the separate particles of the cometary cloud are principaUy subject. 
Similar views to those of Dr. ZbUner on the electrical origin of the sun’s 
repulsive force on the taUs and envelopes of comets (a force whose intensity 
was first mathematicaUy investigated by Bessel) were previously entertained 
by Gibers, and discussions of some of their principal consequences, with 
exceUent iUustrations derived from cometary observations by M. Paye, wUl 
be found in the ‘ Comptes Rendus ’ (vol. xlviii. p. 421) for 1870, and in a con- 
temporary number of the French ^ Revue des Courses Scientifiques.’ The 
theory of a self-luminosity in comets, and perhaps in the vaporous nebulm, 
resembUng the glow-discharge in the vacuum of a barometer- tube when the 
mercury is shaken, suggests, as shown by Dr. ZbUner, no insuperable diffi- 
culties, when the enormous thickness of the vapour-tracts is considered, in 
which a very feeble iUumination of this description would be sufficient to 
render them very discemibly self-luminous, with aU the visible characters 
of a glowing gas. 

During the last two or three years the discovery of energetic forces of 
eruption on the sun, and therefore also probably on the surfaces of the stars, 
has demonstrated the occasional occurrence of some convulsions so extremely 
violent that they would suffice (at least, if they were but Uttle stronger, or 
equaUy energetic at an earUer period of the sun’s history, when its diameter 
was somewhat larger) to project molten and gaseous matters from its mass 
to distances beyond the sphere of its own attraction. One of the most violent 
eruptions of this description was observed by Prof. Young in America on the 
7th of September, 1871, when masses of glowing hydrogen left the sun’s 
surface with a velocity of projection which cannot have been less than 200 
imles per second ; had it started with this velocity from an elevation but 
little more than twice its actual distance from the sun’s centre, it would have 
been projected beyond the orbit of the planet Neptune, and a velocity of 
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projection from the sun's present surface of 380 miles per second would have 
sufficed to carry it beyond the limits of the solar system never to return*. 
The existence of such forces, and the evidence which the microscope affords 
that aerolites have had their origin among mineral masses in a state of 
fusion, if not of vapour, combine to support a theory formerly entertained by 
other writers, and recently announced most definitely by Mr. Proctor in 
England t and Prof, Kirkwood in America as an “astro-meteorological 
hypothesis " of the origin of meteors and meteorites. By a still more 
remarkable supposition Mr. Proctor proposes to regard the class of periodic 
comets with their attendant trains of meteors as originally projected from 
the major planets^^Jupitcr, Uranus, orKcptune, in the neighbourhood of whose 
orbits it is well known that the greater number of their aphelia are placed ; 
and some peculiarities of the light as well as of the dense atmosphere of the 
largest of these planets, Jupiter, renders it probable that it is partially self- 
luminous, and that it still continues to be in a more sunlike state than the 
smaller primar}’ and secondary planets of the solar S 5 "stemj. A close appulse 
of the November meteor-comet to the earth is pointed out by Mr. Hind -as 
having probably occurred in the year 1300, when it was observed in China in 
the same month of October with the memorable star-sliowcr recorded in some 
parts of Europe in that year. Another visible return of the comet appears 
to have taken place in 8f)S, wdien its path among the constellations was also 
recorded in China, and aj)pears to be in good agreemenl with the orbit of the 
present comot§. It also appears that the November meteor-shower may be 
of older date than the period assigned by M. Le Verrier (a.i). 12(>) to its last 
encounter wnth the planet Uranus, a previous encounter wnth that planet not 
less close liaving been shown by Brof. Kirkwood (in the journal above quoted, 
p. 338) to have taken place in the year n.c. 43, while the next close appulse 
of the comet to the planet will happen in the year 1U83. 

A general list of ap})roximate agreements between orbits of comets and 
those of observed meteor-showers, extracted from the works of Weiss, Schia- 
parelli, and Schmidt, will be found collected, exclusive of the four w'ell-known 
examples of perfect correspondence in the cases of the April, August, and two 
great November showers, in the llejxwt of the Council to the last Annual 
Ceneral Meeting of the Iloyal Astronomical Society, where the length of the 
list, and a due regard for tlie limited space of this Iteport, will only permit 
its insertion to bo noticed Ij ; but a peculiarity in two of the accordances 
appears to claim exception in order to explain the supposed agreements which 
they present. In the early parts of April and August two meteor- showers 
are found to proceed, the former from a radiant-point between Corona and 
Bootes, and the latter from near the north pole of the heavens, agreeing well 
W’ith the radian t-j)oints of corresponding comets wdiose line of nodes the 
earth encounters at those dates. But the orbits of these comets falling far 
'within the orbit of the earth, it is not possible that an encounter of the earth 
with any meteors lying upon their tracks could be produced. These accord- 
ances must therefore be rejected, unless, with Weiss and Schiaparelli, it is 

* “ Astro-meteorologv,” by Prof. I). Kirkwood, U.S., ‘ Tlie Popular Science Monthly,’ 
1871, p. 335. 

t ‘ Cornhill Magazine,’ November 1871. — In the ‘ Proceedings of the Royal Society,’ 
vol, xiv. pp. 120 120, March IHt).') (see these Reports for 18(>5, pp. 132 and 140), the late 
Prof. Brayloy, founding his observations on the microscopical investigations of Mr. 
8orby (vol.xiii. of the same * Proceedings,’ p. 333), strongly maintained, although he some- 
what less lucidly developed, the same liypothesis. 

X “The Origin of the November Meteors,” by R. A. Proctor, Monthly Notices of the 
Royal Astronomical Society, vol. xxxiii. p. § Ibid. p. 49. || Ibid. p. 260 . 
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supposed possible that some j)arts of the cometarj substance, rej)clled from 
their proper orbits by the sun in the form of the tail and other luminous 
appendages emitted by the comets near their perihelion passages, may have 
extended to such a distance in their orhit-pluiics as to intersect the orbit of 
the eartk It is kno^ni that substance repelled in this manner from the 
comet, if it consists of mateiials capable of finally gravitating towards the 
sun, will describe closed orbits round it, and might tlins pcriodi(‘ally produce 
the apj^earauce of a corresponding meteor-shower. For the purpose of an 
approximate comparison with the known meteor-showers, the repelled par- 
ticles may be assumed to move in orbits which differ little from those of 
their derivative comets, excepting in having a larger perihelion distance. 

In order to complete and facilitate, as far as possible, the comparison of 
meteor-streams with the orbits of knoAvn comets, lists of observed radiant- 
points of meteor- showers continue to ho compiled and recorded by- observers, 
an important contribution for tliat purpose during the past year being the 
‘‘ Catalogue ofObserved Itadiant -points " obtained by Captain G. L. Tupman 
from his observations of shooting-stars made in the ^rediterranoan dnrii}g the 
years 1869-71*. This list contains the idaces of 102 dislinct radiant-points, 
independently determined, and for the most part confirming the results 
presented in the earlier catalogues of other observers. Thus, in about sixty 
cases, the same showers appear to have been r(‘Corded by Dr. Selimidt t at 
Athens ; and the agreements with the general list of radiant-points for the 
northern hemisphere, exclusive of Dr. Schmidt's results (seethe last Deport), 
compiled by Mr. Greg are equally numerous. Cajitain Tupman regards 
fifty-eight of the meteor-showers described in liis list as identical, and 
twenty-one others as fairly in accordance with llio«c of other observers ; of tlie 
remaining twenty-three positions, nearly the whole may be regarded as well 
determined and as probably true radiant-points. Among tlie brightest 
showers and the most conspicuous radiant-points were remarkable displays 
of about fifteen or twenty' shootiug-stars per hour on the nights of April 30th 
and May 2nd, 1870, from the direction of a point at 11. A. 325®, 8. Deck 3°; 
and showers of less abundance on March 7tli, September S-10 and 13-15, and 
October 5-10, 1869, and ^N'ovember 1-9, 1869 and lcS72 : the last was the 
well-knoRTi shower from Taunis in the early part of November ; and a good 
average position of its apjjarently double radiant-point in about D. A. 53®, 

Deck 12®, and K. A. 57°, X. Deck 20°, was obtained b}* several well- 
agreeing observations on successive nights. 

The following corrected Table of radiant-points, compiled and published by 
Dr. JSeis in April 1807 Astronomisclic Xaehrichtcn,’ Xo. 1642), was 
included by Mr. Greg in his general list of radiant-points contained in tlie 
last volume of these Deports. In a future contimiation of that list it will 
bo attempted to condense and to add to it a similar reproduction of the new 
materials afforded by the two ample catalogues of Dr. Schmidt .and Captain 
Tupman, of which no comjiarison lias yet been included in its collection. A 
suitable analysis of their contents will thus coinjihUe the discushion of all the 
known radiant-points of shooting-stars of which published or private informa- 
tion has hitherto been obtained by the Committee. It is jiroposed to exhibit 
the results of this examination on maps of a special kind, adapted to assist 
observers in recognizing immediately the particular radiant-points or showers 
to which any observed meteor-tracks might correspond, and thus to enable 


* Monthly Notices of the Royal Astronomical Society for March, 1873, vol. 
t aa his Catalogue of Radiant-points for successive months of the year, ‘A 


Kachriebten/ No. 1756, 


. xxxiii. p. 298. 
‘ Astronomischo 
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them to arrange and classify their observations. It is further intended to 
accompany the maps with a printed catalogue of Captain Tupman’s obser- 
vations, only a certain proj)ortion of which arc designated in the catalogue as 
belonging to some of the numerous meteor- showers included in his list, 
while the greater number have not yet been distinguished as conformable to 
any known centres of radiation from which they may very possibly have 
been derived. A complete analysis of the catalogue, and of the scattered 
observations collected for the Committee within the last fe\v years by 
observers for the British Association, will during the present yeaf occupy the 
attention of the Committee, and will continue to engage their consideration 
with tlic best opportunities and facilities for reducing and aiTanging them 
under their proper radiant-points which it will be in their power to bestow 
on their discussion. 


List of Corrected lladiant-points by Dr. Ileis, * Astronomischo Nachrichten/ 
Ko. 1042 (May 18(>7). 


Half-monthly, Monthly, or Meteoric Periods and Positions of the Radiant-points. 

R.A. N. DcclJ II.A. X. DpcI. R A. X Reel.' R-A. N. Docl. 

January l-Jo. 

... 28 -fr>6 

K, ... 227 -fr>4 

'Ml... l^o -j-.H 1 

: Ni .. 2iK) 4-84 1 

February 15-28. j April 1-15. June 1 30. ^ 

A. ... 7G 4-40 i A, ... 84 +45 158 +83 

M, ... 173 +G3 ivf-... 180 +41) B 333 +4w 

N, ... 245 +7G ' — ^50 +80 ... -^42 +12 

s ; 174 +!« . s; ... i85 +22 w ... 2112 +15 

January lG-^1. 

' A, ... t\0 4-GI 

IC ... 227 4-r>o 

i iMj ... Kill 4-45 

N., ... do 4-87 

March 1-15. ; Period of Ajffil 20. , July 1-15. 

-A. ... .50 +49 1 A. ... .58 +00 X„... 20 +85 

3i(.... 120 +.54 M., . 100 +49 ' A„ ... 41 +62 

X.'... 15 4-,'<0 X, ... 275 + 83 Bi .•■ 315 +o4 

IM -1- () 8, ... 199 +14 Q, ... 262 +12 

^ - C ... 277 +38 

! February 1-1 4, 
j A.J ... ()1 4-oG 

M\.,. 171 4-50 

; N, ... North Pole. 

March 10-31. j 

M«... 150 +47 1 

8, ... 170 +10 

J ... ! 

Mar 1-31. i Julv 15-31- 

N, ... 315 +79 I A,„ .. 51 +59 

S„ ... 202 + 9 1 ... 320 +t0 

B| ... 325 +.55 1 X, North Pole. 

q' ... 232 +27 j 


; Rci'iodof August 10. 
i A,,... 51 +.55 

R, ... 207 +( 1 S 
N„... 315 +85 

September 16-30. ! 
A..... 44 +03 

13, ... 311 +05 

X,„... 05 +84 

T, ... 1+11 

R., ... 40 +37 

Period of Nov. 14. j 
P, ... 40 +43 

A',,... 15 +02 

]) ... 279 +.50 

R, ... .55 +10 

h ... 148 +24 

December 16-31. 
A.,„... 37 +59 

n;, ... 340 +89 

K, ... 235 +52 

August IG-dl. 

A. ..... df) 4 -GI 

B, ... dOG 4-51) 

Nn... 21)5 4-71) 

Ti ... dl4 4-15 

October 1-15. 

A, ,... 51 +01 

X„... 1<I5 +81 

R, ... 45 +32 

B. , ... 315 +05 

NoTcmber 19-30. 
A^.,... !•) +02 

N,.,... North Pole. 

P, ... 45 +44 


September 1-15. 

A, 3 ... d5 4 ’Gd 

B. ... 29d 4-57 
N,,... IdO 4-84 
T, ... did 4 -H) 
R, ... r>d 4 - do 

Period of Oct. 10-31 . 
P, ... 23 +40 

A, «... 72 +44 

B, ,... .334 +54 
Ni,... 205 +85 

Period of Dec. 1-15. 
A^,^... 21 +o4 

N.:,... 123 +78 
112 +39 

• 
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On the Visibility of the dark side of Venus. 

By Professor A. Schaparik, of Prague. 

[A Communication ordered by the General Committee to be printed in ex^oiao.] 

Ir is well known that the iinillumined side of the planet Yenus has been 
sometimes seen shining with a faint grey light, like the dark side of the moon 
when illumined by the earth. 

Schrdter in 1806 thought he had made for the first time this remark- 
able observation ; but it was found afterwards that Harding had made it 
almost simuHaneously, and Olbers pointed out an old observation made by 
A. Mayer at Gryphiswald in 1759. Arago found a still older observation of 
the same kind made by Derham at a date not fixed, but certainly anteiior to 
1729, the date of publication of the French edition of his ^Vstrothcology.’ 

Nevertheless this phenomenon is stated in the best text-books of astronomy 
to be one of the utmost rarity. Miidlcr knows only two observers of it, the 
profoundly learned Humboldt onl}’ three, Arago only five ; and even re- 
cently Dr. Winnecke, of Karlsruhe, believed that ho was the only witness of 
that phenomenon in daylight since the time of A. Mayer ; but under these 
particular circumstances it has been seen by eleven observers, and by five 
of them more than once. 

It was known to me for a long time that there were on record far more 
observations of this phenomenon than is ordinarily supposed ; and when, 
some years ago, I happened to be a witness of it myself, I undertook to 
collect all existing observations of it. 

This I have now done ; and as 1 have succeeded in collecting the sur- 
prising number of twenty-two observations, many of them repeated more 
than once, a short account of what 1 have found will perhaps be not unin- 
teresting to astronomers. 

1. The first observation recorded is that of William Derham, Canon of 
Windsor, referred to in his ‘ Astrotheology ’ as made in the perigeura of Venus, 
probably in bright twilight, when he saw tlic dark side of the planet shining 
with a dim reddish light. Arago, who mentions this observation, quotes 
from a French translation published in 1729. It would be interesting to 
know if this observation is found also in the first English edition published 
in 1714. 

2. The second in order was Christian Kirch, first astronomer of the Iloyal 
Academy of Sciences at Berlin. He saw the jdienomcnon twice (June 7, 1 721 , 
and March 8, 1726), both times with moderate optical power and in bright 
twilight. He remarked that the ])rig]it crescemt w^as apparently a part of a 
larger sphere than the faintly shining dark side. (Astronomischc Xachrichten, 
No. 1586, vol. Ixvii. p. 27.) 

3. Third came Andreas Mayer, Professor of Mathematics in the Grj’phis- 
wald University, who, on October 20, 1759, observed Venus, culminating 
only 10° from the sun, wfith an unachromatic transit -instrument of only 
l|-inch aperture, and saw the whole disk “like the crescent moon which re- 
flects the light of the earth.’^ (Obscn'ationcs Veneris Gryphiswaldenscs, 1762, 
p. 19. Schrdter, Beobachtungen dcs grossen Cometen von 1807, Appendix, 
P- 74.)^ 

4. The fourth witness is Sir William Ilerschel, who about 1790 several 

times saw a part of the limb of the dark side in a faint light. Neither date 
nor time of day is given. (On the planet Venus, Philosophical Transactions 
for 1793.) ^ ^ 
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5. Count Friedrich Hahn, of Eemplin, Mecklenburg, saw the phenomenon 
unusually well and often during the spring and summer of 1793, in twilight 
as well as in daylight. He employed excellent instruments, and gives a 
very detailed description of what he saw ; also two sketches. No other ob- 
server seems to have seen the phenomenon so often and so well, (Berliner 
astronomisches Jahrbuch fiir 1793, p. 188.) 

6. The venerable old selciiographcr »Schrdtor saw the phenomenon only 
once, February 14, 1800, in faint twilight, with an excellent telescope, and 
gives a very accurate description and sketch of it. He remarked an im- 
portant feature in the phenomenon: the limb of the dark hemisj)hcre was 
brighter than its central part, (lierliner astronomisches Jahrbuch fiir 1809, 
p. 104, and Beobachtungen des grossen Cometen von 1807, Appendix, 

p. 00.)^ 

7. Simultaneously with Schruter, and independently of him, C. L. Hard- 
ing, at Gottingen, succeeded in o])serving the dark side of Venus on three 
different evenings — January 24, IVbruary 28, and March 1, 1800. On the 
second of these days the light was reddish grey, and on all of them the 
jdienomenon was seen with the utmost sharpness and distinctness. (Berliner 
Jahrbueh fiir 1809, p. 109.) 

8. The well-known observer of the sun J. V. Pastorff, at Buchholz in 
Prussia, saw tlic ])]ienomenon (as lie reports) many times so distinctly that 
he could distinguisli bright and dark patches in the faint grey light. Only 
one date and a corresponding drawing arc given, February 10, 1822, at 5 
P.M., when the breadth of the crescent was 0*23 diameter of the wliolc disk. 
(Berliner Jahrbuch fur 1825, p. 235.) 

9. June 8, 1825, at 4 a.m., almost in full daylight, the phenomenon was 
witnessed by Gruithuisen at Munich. No particulars given. (Astronomisches 
Jahrbuch fur 1842, herausgegeben von Gruithuisen, p. 158.) 

10. The next observation was made by Mr. Guthrie, near Bervie, N.B. 
((ireat Britain), during the inferior eonjiinction in December 1842. Mr. 
Guthrie saw a narrow fringe of light around the whole disk of the planet. 
(Monthly Notices of the Hoy. Astr. Soc., vol. xiv. p. 109.) 

11. G. A. Jahn, at Leipzie, saw the dark side of Venus on September 27 
and 28, 1855, at 11 a.m., in broad daylight. (Jahn’s Unterhaltungen im 
Gebiete der Astronomic, vol. ix. p. 320.) 

12. Mr. Berrj', of Liverpool, saw the phenomenon on the evening of 
Januaiy 14, 1802, (Month. Not. vol. xxii. p. 158.) 

13. Mr. C. L. Prince, of Uckfield, observed Venus almost daily during her 
inferior conjunction between Sept. 23rd and 30th, 1 863, in bright daylight, 
and could trace on every day the whole disk, or at least a faint fringe of 
light around the edge, (^lonth. Not. vol. xxiv. p. 25.) 

14. Mr. AV. Engelmann, of the Leipzie Observatory, saw the phenomenon 
repeatedly — most advantageously, as it seems, on April 20, 1865, immediately 
after sunset. The dark side was greenish grey, a little brighter than the sky. 
(Astron. Nachr. No. 1526, vol. Ixiv. p. 223.) 

15. During the inferior conjunction of 1867 Venus was well observed by 
Professor C. 8. Lyman, of Yale College, Newhaven, U. S. The extension of 
the crescent over more than 180° was seen during a period of eleven days: 
on 10th and 12th of December the fhhr bright crescent formed an unbroken 
ring; on the day of conjunction (11th December) the close proximity of the 
sun permitted no observation. (American Journal of Science, 2nd series, 
vol. xliii. p. 129.) 

16 . Mr. Th. Petty, of Deddington, near Oxford, saw the dark side of Yenus 



406 EEPORT — 1873. 

on May 23 and Juno 9, 1808, probably during twilight. (Astronomical Re- 
gister, No. 68, p. 181.) 

17. In the same year I was observing Venus attentively for some months, 
chiefly in broad daylight, with a small but good achromatic. I saw spots on 
difierent occasions ; and on July 4, 1808, at 1 p.m., I could sec traces of the dark 
disk, though unsteadiness of the air and insufflcient optical power prevented 
me from becoming certain of what T saw. 

18. On February 5, 1870, the dark side of the planet, then near inferior 
conjunction, was seen (in dajdight, I suppose) by Mr. II. Langdon, of Sil- 
verton, Devonshire. (Month. Not. vol. xxxii. p. 307; Astron. Reg. No. 115, 
p. 163, where the year is erroneously stated to be 1872.) 

19. Captain W. Noble, of Leyton, Essex, saw the dark pari of Venus very 
distinctly on February 22, 1870, only twenty-four hours before conjunction, 
in close proximity to the sun. In a later communication. Captain Koblc adds 
that he saw the dark side always darker than the surrounding sky, and that 
he rarely failed to see it whenever Venus was in or near inferior conjunction. 
(Month. Not. vol. xxx. p. 152; Astron. Ileg. No. 88, p. 74, and No. 130, p. 258.) 

20. At the meeting of the Iloyal Astronomical Society, March 11, 1870, 
Mr. Browning stated that, without any special contrivance, he could sec all 
the globe of the planet in his 12-inch speculum — perhaps on twenty diflercnt 
evenings, as Mr. Browning told me orally, and always in bright twilight. 
The uniilumined side appeared darker than the sky around it. (Ast. Keg. 
No. 88, p. 74, and No. 131, p. 2S1.) 

21. On August 9, 1870, I was regarding Venus in bright sunshine at 

11 A.M., when a lady who was with ino at that time immediately perceived 
the whole disk of the planet. I showed to her Schroter s drawing, which 
she declared to be in perfect accordance with what she saw in tlie telescope. 
I fancied only at moments that I saw a faint line of light all round the 
greyish disk. Illumination unusually large much disturbed at 

the time. 

22. Dr. A. Winnecke, of Karlsruhe, saw the phenomenon twice, on Sep- 
tember 25, 1871, at noon, and November 0, 1871, at 5 a.m. (Astron, Nachr. 
No. 1863, and No. 1866, vol. Ixxviii. pp. 230 & 287.) 

On the day subsequent to Dr. Winnecke s first observation, September 26, 
Captain Noble could not make out the dark heniisphero so well seen by 
him a year before that time, but he adds that the sky was not clear. (Month. 
Not. vol. xxxii. p. 17.) 

From the above conspectus it appears that the unillumined side of Venus 
has been seen by 22 different observers : — 

In twilight by 13 (once by 4, many times ])y 9). 

In daylight by 11 (once by 6, many times by 5). 

4 observers saw a faint line of light encircling the daric disk, 19 of them saw 
the disk itself. Of the 22 cases reported, 12 have been observed during the 
last eleven years, say one per year ; and I am disposed to think that the 
phenomenon is a normal one, and that with sufficient optical power and 
attention under a favourable sky it is to be seen at ever}' inferior conjunc- 
tion, though I would by no means advance that it is constantly visible, 
which would be a statement directly opposed to facts. 

For the explanation of this remarkable phenomenon the following causes 
have been suggested : — 

1. Phosphorescence. — This was the idea of 8ir William Hcrschel, Harding, 
and partly of Bchrbter, It does not appeal* clearly whether they under- 
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stood the word in its modern sense, meaning substances which absorb 
sunlight and emit it in darkness without being chemically changed, or 
whether they included under that name, like all the elder physicists, slow 
combustions also, like that of phosphorus and rotten wood, which in modern 
terminology do not belong to true phosphorescence. In both cases it is 
difficult to imagine the whole surface of the planet to be covered with 
such substances as sulphide of strontium, diamond, phosphorus, or rotten 
wood. 

2. Auroral plcemmcaa , — This was partly Sclird tor’s idea; it is supported 
by a most extraordinary observation of Mlidler, who, during the whole 
evening of April 7, 1 saw Venus surrounded by long bright immovable 
rays. Professor Zdllnor, of Leipzic, strongly advocates this idea, and trusts 
that the spectroscope will reveal bright lines in the grey light of the unillu- 
miiied hemis])hore of V eiiiis. 

Jb Prosier Ihjlit , — An explication upheld by Pastorff, who supposed the 
atinos 2 )hcre of the planet to be large and self-luminous. Possibly also the 
]>lanet might still be incandescent, as is su}>posed to be the case of Jupiter by 
Mr. Xasmyth ; but on this supposition ^the secondary light should be always 
visible, which is positively not the case. 

4. The lifiht of the Earth. — This, as seen from Venus, far exceeds the 
greatest brightness of Venus as seen by us; and according to the calculation 
of Dr. llhianamT, of Munich (Grundziigc dcr Photometrie, 1861, pp. 58-77), 
the grey liglit of Venus, if resulting from this cause, should equal a star of 
the 14th magnitude. That this explanation is insufficient is so clear as to 
need no fiirtlicr proof. 

7). Eeff((five visihilltff, as it is called by Arago, or projection on the coronal 
light of the sun, as suggests Mr. Lynn (Astr. lleg. No. 109, p. 12) and, if 
I am right, ]\[r. Noble (Month. Not. vol. xxxii. p. 17). This explanation 
suits only tho^e eases in which the unillumined side of the planet was seen 
d((rh'cr than tlie surrounding sky (Messrs. Drowning and Is^oble), but not 
tliosc of tlie majority of observers, who make it hrljliter than the sky. 

6. Accidental coinJnistion and other Ulununlnij processes. — Gruithuisen 
suggests large luxuriant fore.-^ts set on hre, an idea by no means absurd in 
itself; but, indulging in tlie fantastic east of his mind, he brings it in 
connexion with general religious festivals of the inhabitants of Venus, a 
sp^^culatioIl in which it is not (juite easy to follow the famous Munich seleno- 
grapher. Immense prairies and jungles would do still better ; but even 
thes(‘ will hardly suffice for so frequent and general a phenomenon. 

1 ’\^'ill .suggest another explanation, without laying too much stress on it, 
though perhaps it is not a mere fancy. The intense brightness of Venus, 
and ])articularly the dazzling splendour of her bright limb, is deemed by the 
late G. P. Pond and by Professor Zidlner, a competent authority in photo- 
metric matters, not to be explicable without assuming specular reflection on 
the surface of the jdanct. This Professor Zullncr supposes to be done by a 
general covering of water ; and indeed if tho faint grey spots of Venus, 
delineated in 1726 by Pianchini and rediscovered by Vico in 1838, are land, 
then nine tenths at least of the surface of Venus are covered by sea. Should 
Venus bo in a geologically less advanced state, viz. less cooled than our 
globe, a supposition rendered not improbable by her considerable size and 
her nearness to the sun, then the present condition of Venus would be 
analogous to that of the earth in tho Jurassic period, when large isolated 
islands wore bathed by immense seas, blood-warm, and teeming with an 
abundarico of animal life difficult to be conceived. 
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The intensity of the phosphorescence of the sea, shown not unfrequently 
by our tropical seas, gives us some idea of the intensity which this mag- 
nificent phenomenon could acquire under such unusual circumstances ; and 
it is, I think, not unreasonable to expect that such a phosphorescence could 
be seen even at planetary distances. It would explain the fact that the 
edge of the dark hemisj)here of Yenus is seen brighter than its central 
part ; for it is demonstrable by calculation and confirmed by observation (as 
in the case of the sea near the horizon, or the edge of the full moon), that a 
rough surface emitting diffused light is seen the brighter the more obliquely 
it is regarded. 

It is satisfactory to think that my suggestion can be put to the test of 
ph)’sical inquiry. M. Pasteur found the spectrum of cucuyos (tropical 
phosphorescent beetles) a continuous one ; and, according to ^Mr. Piazzi Smyth, 
the same holds good for the phosphorescent auimalcula) of the sea (Month. 
Is'^ot. voL xxxii. p. 277), so that the spectroscope will be able to decide be- 
tween Professor Zdllner’s hypothesis and mine. 

Since the foregoing note was read before the British Association, Dr. H, 
Yogel has published observations of Venus with the large refractor of Baron 
Biilow (Beobachtungen auf der {Stern warte zu Botbkamp, Ileft 2, pp. 118- 
132). He saw the secondary light of Yenus on seven mornings between 
October 15 and I7ovcmber 12, 1871. in bright twilight. The light was 
yellowish, faint, brighter near the terminator, hiding away on the other 
side, and never extended over more than 30° of arc on Yenus. On five 
other mornings nothing was seen. 


Report of the CommitteCj consisting of Dr. Holleston, Dr. Sclater, 
Dr. Anton Dohrn^ Professor Huxley, Professor Wyville Thom- 
son, and E. Hay Lankestek, for the foundation of Zoological 
Stations in different parts of the Globe. Drawn vp by Anton 
Dohrn, Secretary, 

The Committee beg to report that since the last Meeting the building of the 
Zoological Station at Naples has been completed. [A photograph of the 
building was exhibited at the Meeting when the Beport was read.] 

The internal, mechanical, and scientific arrangements re(|uire two months 
for completion; and though the cost of the whole has exceeded the esti- 
mates in no small degree. Dr. Dohrn hopes nevertheless to balance them by 
finding new means of income for the establishment. He has succeeded in 
obtaining a subsidy of A‘1500 from the German Empire, and his scheme of 
letting working-tables in the laboratories of the station has met with general 
approval. Two tables have been let to Prussia and iwo to Italy, one to Bavaria, 
one to Baden, and one to the University of Strasburg ; a letter from the • 
Dutch Ministry of the Interior informs Dr. Dohm that Holland accepts tho 
offer of one table for the stipulated annual payment of X‘75 ; and, moreover, 
Dr. Dohrn has been informed that the University of Cambridge intends to hire 
one table for three years. Applications have also been made to tho Imperial 
Government of Ilussia, both on the part of Dr. Dohm and by different 
Hussian scientific authorities. A correspondence has taken place between 
Dr. Dohrn and Professors Doven and Stcenstrup about a possible participation 



FOUNDATION OF ZOOLOGICAL STATIONS. 


409 


of the Seandinavian kingdoms, hut has as yet led to no definite result. The 
case with respect to Switzerland and Saxony has been similar ; but hopes are 
entertained that these countries may join the others in their endeavour to 
support the Zoological Station, and to afford every facility to their naturalists 
of profiting by this new and powerful instrument of investigation. 

l)r. Dohrn thinks it desirable to explain once more the leading ideas that 
have induced him to request the assistance of all these Governments and 
Universities. 

The Zoological Station has sprung up altogether in consequence of the 
desire to facilitate investigation in marine zoology^ and to enable naturalists 
to pursue their studios in the most cfiective manner and with the greatest 
possible economy of money, time, and energy. All zoologists who have 
visited Naples during the last year (amongst whom have been Professors 
Gegeiibaur, Claus, Oscar Schmidt, and Pagcnstiicher) consider that this end 
will be fully attained In’ the organization and arrangements made or intended 
to be made in the station. They all agree that it is in the highest degree 
desirable^ that nobody who cares at all for the progress of zoology should fail 
to join Dr. Dohrn's exertions in bringing about a universal participation in 
the expense of kee])ing up tlienew establishment; and thus it is due to Pro- 
fessor Oscar Schmidt's infiuence that the Imperial Government at Berlin have 
hired a table for the University of Strasburg, and to the initiative of Pro- 
fessor Pagcnstaclier that the Grand Ducliy of Baden has also taken one table, 
whilst Professor Claus has promised his best services to induce the Austrian 
(Jovernment to take a similar stej). 

As is, wc believe, universally known, no money-speculation whatever is 
contemplated by the founder of the Naples Station, in so far as money specu- 
lation means a high interest and tlie return of the capital invested into the 
pocket of the founder. Nevertheless, every honest means will be used to 
procure as large an income as possible, for more than one reason. There is 
not only the necessity incumbent upon the establishment to repay some of the 
capital to those wlio have lent money to Dr. Dohrn, in order that he might 
complete tlie building in its actual enlarged state (a task for which his own 
means would not have sufficed in sjute of the German GovemmenUs subsidy), 
but, further, there must be ju'evided reserve-funds for the eventuality that the 
income of the a(piariuni may not cover the outlay for the year’s manage- 
ment, thus causing a siuhhui stand-still of the establishment : and last, but 
not least, it is intended to have every year a certain sum to spend for scien- 
tific pursuits. If, for instance. Professor du Bois Keymond, as he has ex- 
pressed to Dr. Dohrn his wish to do, should proceed to Naples to carry 
on experiments on the electric Torpedo, it would require no inconsider- 
able means to buy the necessary apparatus and physiological instruments, 
and to provide this famous physiologist every day with fresh material to 
conduct his investigations on a scale large enough to yield a distinct result. 
Or to enable embryologists to carry on an investigation on Comparative 
Selachian embr5’ology, it w ould be necessary to buy large quantities of female 
sharks and skates, wdiich are by no means so cheap as a foreigner might 
think. And for conducting researches well and accurately, every naturalist 
knows what an amount of money must be spent in dredging-expeditions, how 
much trouble, how much time and work are necessary to get at the animals 
and to determine their identity or non-identity with the known and described 
species. And this is one of the foremost duties which the Zoological Station 
will propose to itself, as it is too well known how great a confusion exists 
with regard to systematic and zoological questions of the Mediterranean 
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fauna. To bring this confusion to an end, it will require more than one 
lustrum and more than one thousand pounds. There may perhaps have 
risen a prejudice among Sjstematists against the new establishment, as one 
which, in consequence of the partiality of its leader for Darwinian views, 
might dispense altogether with S^'stematists. Nothing could be more erro- 
neous than such an opinion. The leader of the Zoological Station is as little 
opposed to Sj’stcmatists as the Darwinian iheoiy itself. He is of opinion that 
zoological battles may be best won, according to Count ]\[oltkc’s principle, “ by 
marching separately and fighting conjunctively,” thus leaving to Systema- 
tists their own route, as well as to anatomists, physiologists, and embryolo- 
gists, on condition only that they will, when mei'ting the enemy (Error and 
Ignorance), fight together ; and he desires the Zoological Station to become 
such a battle-field, where all the different zoological armies may meet and 
fight their common adversaries. 

That such wars need much of the one element, which, according to 
Montecuculi, best secures victory, “ money, money, money,’’ will be illustrated 
by two letters, which Dr. Dohrn has received from Professor Louis Agassiz, 
and which he has been authorized to puldish. 

The celebrated American naturalist writes, under the date Museum of 
Comparative Zoology, Cambridge, Mass., 10 June, 1S73,'’ the following: — 

‘‘ It is a great pleasure and satisfaction to me that I can tell you how, 
in consequence of the munificence of a wealthy New York merchant, it has 
become my duty to erect an establishment whose main ol)ject will be similar 
to that of your Naples Station, only that leaching is to be united with it. The 
thing came thus to pass : — During last winter 1 applied to our State autho- 
rities to secure more means for the Museum in Cambridge (Mass.). Among 
the reasons I alluded to the necessity of having greater means for teaching 
purposes. I addressed my speech to our deputy, and it was afterwards re- 
ported in the newspapers. By chance the report fell into the hands of a rich 
and magnanimous tobacco-manufacturer, Mr. John Anderson, of New York. 
He sent on the same day a telegram, asking me whether 1 would be at home 
the following day in order to meet two fri(mds : to which I answered, Yvsl The 
two gentlemen came by order of Mr. Anderson, offering me a pretty island in 
Buzzard Bay for the purpose of erecting a zoological school. I acoept(^d this offer, 
of course, but added that without further pecuniaiy means it would be difficult 
to teach there. After two days a sum of 50,000 dollars was handed over to me ; 
and now I am erecting there a school for Natural History, which at the same 
time will he, as a Zoological Station in the immediate neighbourhood of the 
Gulf-stream, of the greatest assistance to our zoologists, especially as sjdendid 
dredging-ground exists there. This certainly must greatly prfimotc zoological 
study in the United States. Already forty teachers of our normal and high 
schools have applied for this summer’s lessons ; besides, I shall be accompanied 
by my private students. 

“ Some of my colleagues are ready to assist me, so that I may hope to 
obtain already some results before winter’s approach.” 

The next letter is dated “Penikeso, August 13th, 1873,” and contains 
some more information. 

The school was opened on the 8th of July. Some of my friends have 
assisted me as teachers ; several other naturalists are occu])icd with special 
studies; the bottom of the sea is vciy'' rich, the general situation quite 
excellent. The solitude which prevails is a great help for our teaching pur- 
poses. As students, forty teachers of our public schools are present, besides 
ten younger gentlemen, who are preparing for a scientific career. 
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The buildiijgs are very well constructed and adapted to tlieir uses. The 
two chief houses have a length of 120 feet, and a breadth of 25 feet each. In the 
lower story are the laboratories, each with 28 windows ; every student occupies 
one window, and has for himself one aquarium. In the upper story of each 
house are twenty-eight bedrooms, one for every student. The professors and 
naturalists are lodged in another house of the shape of a Greek cross. The 
dining-room is in a third house, which contains also the kitchen and the 
servant-rooms. Besides, wo have an ice-house, a cellar for alcohol, stables 
for domestic animals ; about one hundred sheep arc feeding in the pasture- 
grounds of the island ; some smaller hutches contain rabbits, guincapigs, 

‘‘ Next year physical, chemical, and physiological laboratories will be con- 
stilicted. 

. I believe I did not tell you before that my son-in-law presented 
me on my birthday with 100,000 dollars for the enlargement of the Museum ; 
1 intend to apply this sum chiefly to llie augmentation of the collections, 
hoping the State will pay for the ade(iuate (‘nlargcmcnt of the buildings . . . ’’ 

These letters prove that the name of this Committee has not been iU-chosen'; 
for though the American Zoological Station ]ias not been founded by its direct 
intervention, there can be little doubt that the foundation of the Zoological 
Station at Naples has been the signal for a new and powerful movement to 
assist zoological research. 

Of course the American station has met with such extraordinary advantages 
that a competition between it, and the Naples Station, as regards means and 
favourable circumstances, would be all but hopeless for the latter. Neverthe- 
less it may prove a powerful instrument in carrying out strictly the self-support- 
ing principle, by earning money tlirough the aquarium, and by letting tables 
in the laboratory. And though any act of munificence to the Naples Station 
is exceedingly cle&irable and Avould be heartily welcomed (as the moment has 
not yet arrived wlien any scientific establishment in this world has at its 
disposal more money than it can spend), the greatest stress will always be 
laid upon these two elements. 

The Beporter is further glad to state that the library of the Zoological 
Station has constantly been augmented. A magnificent gift has been made 
by the Zoological Society of London, which has presented a complete set of its 
illustrated * iVoceedings.’ The Boyal Academics of Copenhagen, Naples, and 
Berlin have also granted their biological publications, and promised to continue 
to do so in future. The Soiickcnherg Institute in Trankfort-on-the-Main, 
as well as the Zoological Garden of that city, have sent all their Transactions ; 
so has the Smithsonian Institution in AVashingtoii with respect to its biological 
publications. 'Well-founded hopes are cntertniiiod that in a short time many 
other Academics and scientific Societies will follow the example of those above 
mentioned. 

German publishers have cou tinned to send their biological publications 
gratis to the library of the Station ; and great quantities of books, pamphlets, 
and publications, in separate form, of papers published in periodicals have 
been forwarded from all parts of the scientific world through the kindness of 
the authors. 

On the part of the Zoological ‘Station, though still in an embryonic state, 
considerable activity has been displayed with regard to furnishing continental 
zoologists with collections of well-preserved marine animals. Thus, Prof. 
Wilhelm Miillcr, indeed, has been supplied with Ampliioxiis and Tunicata, 
Prof. Grceif, of Marburg, with large quantities of Echinodermata ; mixed col- 
lections of every kind of animals have been sent to Prof. Oscar Schmidt, 
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Strasburg, Professor Claus, Yienna, to the Senckcnberg Museum at Frankfort-, 
the Natural-History Society at Offenbach, and many others. 

Several German zoologists have already announced their intention to come 
during next winter and work in the Station : a similar announcement is 
made from an Italian zoologist and from Dr. M. Foster ; and I am informed 
that two young English biologists will arrive at the Station in January. 

The Committee hope this lleport will convince the Association that the 
year between their present and last Meeting has been one of steady and con- 
siderable pi’ogress for the Zoological Station at Naples. The Committee 
refrain from making any further proposition to the Association, but cxjwcss 
their wish that every influence maybe used to secure to the Station at Naples 
such assistance as will serve to promote the eminent scientific ends for winch 
it has been erected. 


Second Report of the Committee , consisting of Professor IIarkxess, 
William Jolly, and Dr. James Bryce, appointed for the purpose 
of collecting Fossils from localities of difficult access in North- 
Western Scotland. Drawn up by AVilliam Jolly, Secretary. 

Durixg the past year seai^h has been made for fossils at various points along 
the great limestone strike of the N.AV. Highlands, but, with the exception of 
the Durness basin, from "which the fossils already collected have heem alone 
obtained, none have been found at any new locality. The lessee of the 
lime-kilns of Loch Eribol has been obliged to give them up. This the Com- 
mittee have to regret on their own account, as, from his interest in the 
subject, they anticipated good results from the intelligent search he was 
making in the large development of limestone in that interesting locality, which 
till now has continued barren of organic forms. Special search has been 
made by two teachers in the limestone at Inchnadam[)h on Loch Assynt, but 
as yet without success. The Committee have not been fortunate enough to 
find any thing in this locality, except one piece found by the Sccrctar}’, 
which it is hoped may prove to be organic. 

None of the Committee have this year found it possible to prosecute the 
search in person ; but this continues to be done by several gentlemen resi- 
dent in the district, whose services they have been fortunate in securing. 

The Committee have, during the last two years, gathered a considerable 
number of specimens. These fossils, with those obtained for Professor Nicol 
of Aberdeen, and deposited in the College Museum there, they think it impor- 
tant that the Association should have carefully examined by an adept in 
fossil remains, in order to lead to more certain determination of the age and 
place of these North-western rocks in the geologic series. They think, how- 
ever, that this examination should not be made till a larger collection has 
been obtained. As the discovery of fossils at other localities than Durness 
is most desirable, especially in order to determine if the fossiliferous Durness 
limestone is the same as that in the line of the great strike from Eribol to 
Skye, they are anxious that the search should still bo prosecuted in these 
hitherto barren localities.' The Committee would therefore propose their 
reappointment by the Association for this purpose. 
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Fifth Report of the Committee on the Treatment and Utilization of 
Sewage, consisting 0/ Richard B. Grantham, C.E,,F,G.S, (Chair- 
man),!^. J. Bramwell, C.E,, F.R.S., Professor W. H. Corfield, 

M, A,, M,D. (Oxon.), * J. Bailey Denton, C.E., F.G.S., J. H. 
Gilbert, Ph,D,, F,R.S,, F.C.S., W. Hope, V,C., Professor A. W. 
Williamson, PA.D., FR.S., RC,S,, and *Professor J. T. Way. 

N. B. — Those members whose names have an asterisk prefixed have not attended any 
meeting of the Commitoe during the year. 

The Committee, in presenting its Fifth Report, has to state that it has con- 
tinued that part of the inquiry for which it was more particularly reap- 
pointed, viz. the examination of the typical case of sewage -farming at 
Breton’s Farm near Romford; and similar Tables to those furnished last 
year are again supplied, and are described in the portion of this Report 
referring to this subject. 

Another analysis has also been made of the soil of the farm, showing a con- 
siderable increase in the amount of nitrogen and of phosphoric acid contained 
in it. 

A further examination has also been made of the sewage-farm at Earls- 
wood, with more satisfactory results than on previous occasions ; and Dr. Gilbert 
has again furnished a note on the dry earth system, which he has made a 
subject of special investigation. 

Whitthread’s process, which was described in Tast year’s Report, and of 
which a short account will be found in the subjoined abstract, has been for 
a few dnj's at work on a considerable scale at Entield. A member of the 
Committee, who recently inspected what was going on there, states that an 
excellent opportunity for further investigation will now be afforded. 

It has been considered advisable at this lime, when the Committee has 
(within a few pounds) exhausted its funds, to prepare and present with this 
Report an abstract of the four previous Reports made bj" it to the British 
Association ; this has been done by Professor Corfield on its behalf, and the 
abstract will be found in another part of this Report. 

Since the Committee’s last Report the Local Government Board has pre- 
sented to Parliament a Return moved for in the House of Commons, dated 
May 13th, 1873, and entitled a “ Return of the names of Boroughs, Local 
Boards, Parishes, and Special Drainage Districts which have, through loans, 
provided Sewage-Farms or other means for the Disposal of Sewage by Fil- 
tration or Precipitation.’’ The various Tables contained in this Return 
profess to give information, which, so far as it goes, would be valuable if 
exact. One radical error in the scheme of the Tables is, that there is no 
separation of the capital expenditure and working expenses of the year, while 
in the case of sewage-farms the cost of purchasing land is not separated from 
that of works. 

Section I. — Additional Note on the Dry Earth System, 

In former Reports the Committee has given the results obtained by 
Dr. Gilbert on the determination of the nitrogen in the soil which had been 
used in a Moule’s earth-closet once, twice, and three times. The same soil, 
after passing through the closet the fourth time, has been again examined, 
and the results of the series of determinations are given below ; — 
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Before 

used. 

After using 
once. 

After using 
twice. 

After using 
three times. 

After using 
four times. 

Percentage of nitrogen 1 
in soil dritxi at 1(X)^ C. J 

0073 

0-240 

0-383 

0440 

0-540 


In tho air-dried condition the soil, even after being used four times, con- 
tained less than a half per cent, of nitrogen, and, as the Table shows, only 
0-5 f 2>er cent, in the fully dried condition. Thus, after passing through tho 
closet four times, the soil was but little richer than a good garden-mould ; 
and the Committee must still say, that such a manure, even if disj^osed of 
free of charge, would bear carriage to a very short distance only.” 

The Committee would refer to former lle*ports for its opinion of the 
system in other aspects than that of tlie mere manurial value of the product; 
and its conclusions will be found summarized further on. 


Section II. — Earlsv'ood S( iva^c-Fann. 

The Committee paid another visit to this farm on the ITllilklay. 1873, and 
found that nearly the whole of the land was occupied by Italian ryegrass, 
except about one acre which had lieeu ]>lanted with potatoes. Tliere was a 
very small sale for the ryegrass when green, so that it had been made into 
hay and stacked ; some of last years stacks still remained on the ground ; 
this shows the necessity of growing crops suited to the neighbouring markets, 
or else of keeping live stock to consume them, and more particularly cows, 
for which Italian ly’ograss and similar forage cro]>s (grown by means of pro- 
perly conducted sewage-irrigation, and periodically cut and carried to the 
stalls) are especially suitable. 

At the above date the first crop of ryegrass was only just being cut, whereas 
tho third or fourth crop ought to have been ready, and would have been on a 
thoroughly drained, properly laid out, and systematically managed sewage-farm. 

Samples were collected of the ofllnent water as it flowed in a ditch, on its 
way to the river Mole, about half a mile from tlie farm ; and the results of 
analysis showed that the sewage was much more satisfactorily purified during 
the dry summer of 1873 than during the wet one of 1871, when the land 
Was supersaturated. 

In foiTiier Eeports of the Committee attention was dra^ii to tliis farm, which 
was then receiving the sewage of Eed Hill ; it was intended that the sewage of 
the town of Ecigate should also he conducted to this farm, but the works for this 
purpose are not yet comx>leted. 


Analysis. 

X.B. — Sam ides taken twice n day, in tlie proportion of looo of tlie flow per minute. 
Kesults given in parta per 
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Section III. — Breton^ s Farntf Uomfonh 

The systematic observations hitherto carried on with regard to this farm 
(for a record of which see previous llcports and the following abstract) have 
been continued during the past year, and the form of last year’s Tables has 
been again adopted to set out the results arrived at. 

tons. 

Tlio quantity of sewage received from the town of Ilomford into 
the tanks and pumped on to land from March 25th, 1872, to 


March 24tli, 1873 (inclusive), is according to the gaugings. . 405,443 

The quantity of effluent water repumped on to land during the 

same period is 38,071 


The total quantity of diluted sewage pumped for distribution 

is therefore 

Tlie quantity of sewage received from the town of Ilomford and 


distributed on to land by gravitation during the above period is 74,499 
The quantity of effluent water distributed on to land by gravita- 
tion during the same 2 )criod is 8,980 


I 444,114 


Tlierofore the total quantity of sewage, diluted sewage, or 
effluent water which we have to account for is 


527, *593 


Accounted for thus : — 
As appears by the cropping Table the quantity of 


sewage a})pliod to the land is 523,810 tons. 

Supplied to Mr. Goocli (adjoining farmer) 1,548 

Applied to garden 2,235 


Total 527,593 

Tables I. & TI. arc continuations of tlie Tables of last year bearing the same 
numbei’S, and are records of the observations made with regard to the quan- 
tity and composition of the sewage and the effluent water. From the organic 
nitrogen column in Table II., referring to the effluent water, it will be seen 
that an improvement has taken place, due probably to the solidifying of the 
earth over the drains ; the proportions of total nitrogen in the effluent water 
for the two years show a ditference of only 0*01 in 100,000 parts. 

Table III. shows the absolute quantities of nitrogen contained in the 
sewage and in the effluent water, as calculated fi’om the details summarized 
in Tables I. and IT. 

From this it will be seen that the volume of sewage distributed was con- 
siderably greater than in the previous year ; but the proportion of nitrogen 
was smaller, indicating a greater dilution due to the large increase in rainfall. 

It would appear that the total amount of nitrogen distributed on the farm 
was 20-9814 tons, while the 2 )revious year’s total would appear from the Table 
to have been only 21-0245 tons ; but the explanation is that during the previous 
year a large quantity of undiluted sewage, namely 83,902 tons, was run 
upon a plot of land at the lower part of the farm by gravitation, and simply 
filtered during periods when it could not be put on the farm, owing to further 
drainage -works being in progress.” The amount of nitrogen which must be 
added to last year’s total to make it comparable with this year’s is 6*1964 
tons, which makes 27*2209 tons, or practically the same quantity as this year. 
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The quantity of effluent water measured was 470,552 tons as against only 
195,536 tons last year. This is to be accounted for partly by the greater 
dilution by rain, indicated by a difference of 0*01 of nitrogen per 100,000 
parts in the composition of the effluent water, but principally by the fact 
that the extra drainage alluded to in the last lleport has been carried out. 
Although, therefore, the effluent water this year shows less total nitrogen per 
100,000 parts, 3 "et the absolute quantit}' contained in it amounted to 
instead of of the absolute quantity" distributed over the farm. 

Tables I V . to YI. are similar to the corresponding Tables of last year, and 
are subject to the same qualifications with regard to the quantities of sewage 
applied to the various crops and plots ; that is to say, that the means available 
for the measurement of the quantities of sewage and effluent water only 
rendered possible the actual measurement of the total dail}’ quantities, the 
details professing to show approximately the quantities ap[)lied to the 
individual crops and plots being merely calculated numbers obtained from 
the daily totals by breaking these up in proportion to the areas irrigated each 
day. The chief value of these figures is to show the desirability^ of obtaining 
such details with precision. This, however, would re(juire a numerous staff 
of trained chemical and engineering assistants, and also the expenditure of a 
considerable sum of money in apparatus, and in isolating, b)’ means of sunken 
barriers of concrete, the individual plots. 

Ey comparing Tables Y. and YI. of tliis year witli Tabh's Y. and YI. {)f 
last year, it will be found that the total ])roduce tulce^t off the farm during the 
year ending March 24ih, 1??73, was 17t>4 tons again>t 2714 for the pre- 
ceding year. This was due partly to the fact that the are{i in standing crop 
on March 24th, 1873, was 87’G2 acres against 4U‘49 acres on March 24th, 
1872 (see Table YIT.), and partly to the fact that there were 2(>*18 acres of 
cereals in the year now recorded, against 0*9 of an acre in the previous year. 

The nitrogen recovered in the crops taken off the land for the year under 
review is estimated at 15,704 lbs. as against 19,097 lbs. for the preceding 
year. This smaller quantity' recovered out of a larger quantity applied is 
obviously due to the same causes which affected the weight of crojis. 

The nitrogen escaping in the cfiluent water is estimated at 11,973 lbs., as 
against 5024 lbs. in the previous y'ear. This increase is due to the additional 
drainage of the farm giving a larger measured quaniity^ of effluent water as 
before explained, namely 479,552 tons as against 195,530 tons. 

The amount of nitrogen unaccounted for (that is to say, accumulated in 
the standing crops and top soil, washed into the subsoil, or lost) is the differ- 
ence between that applied in the sewage (69,438 lbs.) and the sum of tlie 
quantities recovered in the crops (15,794 lbs.) and escaping in the effluent 
water (11,973 lbs.) — namely, 32,761 lbs., as against 22,404 lbs. unaccounted 
for in the previous year. 

These quantities, expressed in percentages, show that of every 100 parts of 
nitrogen distributed over the farm in the sewage, 26 were recovered and 
taken off the farm in crops, 20 escaped in the effliumt water, and 54 remained 
in the standing crops, in the soil, or in the subsoil, or were lost. 

This nitrogen balance-sheet shows that the results of an experiment in 
agricultural chemistry over so extended an area, and with so great a variety 
of crops, can only give true averages if conducted over a lengthened scries of 
years ; for the produce of the farm was in many respects more satisfactory in 
the year now recorded than in the preceding one, having regard to the amount 
of cereals grown and the crops left standing, and yet at first sight it appears 
the reverse. 
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In the Report of the Committee presented at Liverpool it was stated, on 
the authority of information furnished by the local authorities, that 

(1 ) The population of Romford was about 8000 

(2) That the refuse of about 7000 persons was discharged entirely into 
the sewers ; 

(3) That the whole population is within the area provided with under- 
ground sewers. 

As the Committee had some doubts as to the correctness of these statements, 
it was thought advisable to have a census of the town, with particulars of 
sewage connexions, &c. made, and the results will be found in Table YIIL 

Samples of soil were very carefully taken on April 30th, 1873, in presence 
of Messrs. Corficld, Gilbert, Grantham, Hope, and Williamson, at the same part 
of the farm as on the previous occasion (July 15th, 1870), when no sewage had 
been applied to that part of the farm. These samples were mixed, and an 
average sample was analyzed by Dr. Russell with the following results : — 

E^mminatlon of SoU from Bretons Farm, Sample ialcen April 1873. 

►Soil, after drying by exposure to the air, consists of, in 100 parts : — 

Stones too large to pass througli holes of a sieve 3*88 millims. 35*77 


Moisture driven off at 100^ C 3*40 

►Soil passing through sieve 00*83 


In 100 parts of the original soil there is : — 

Insoluble in strong hydrochloric acid 

Loss on ignition (includes water driven off at lOO^C.) 

IMiosphoric Acid (P- O') 

Chlorine 

Ammonia 

Nitrogen as Nitrates &c 

The second part of the above Table represents the percentage amounts (cal- 
culated from the original soil) of the more important constituents of the 04*23 
parts of undried soil. Com])aring these results with those given in the Com- 
mittee’s ►Second Report, it will be seen that the phosphoric acid in the soil has 
increased from 0*01 to 0*058 per cent., that the loss on ignition of the soil 
is much greater (leaving water out of the question), that the amount of am- 
monia has been increased from an inappreciable quantity to 0*016 per cent., 
and that the amount of nitrates has been also increased. The amount of total 
nitrogen in the 04*23 parts of soil was estimated by the soda-lime process 
with the following result .* — 

Total Nitrogen determined hy the Soda-lime Process. 


1st experiment 0*191 per cent. Nitrogen. 

2nd experiment 0*187 „ „ 

Mean 0*189 per cent. Nitrogen 


in soil without stones ; therefore in original soil (stones included) 

= 0*121 per cent. Nitrogen. 

There is therefore no doubt that the quality of the soil has been conside- 
rably improved by the sewaging, and that a good deal, both of the nitrogen 
and phosphoric acid, is retained in it. 

1873. 2 E 


100*00 

55*02 

0*65 

0*058 

0*002 

0*010 

0*00029 
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Tabie I. — Breton’s 


Statement of Weekly Quantities of Sewage received on tlie Farm, witli the propor- 
escaping from the Drains, with tho proportions repumped, distributed by gravi- 

[Continued from 


Datf (inclufeivt*). 



To^\n ! 

1 

.a 


i 



t£ 

C 

C 

Total 

on liinu. 

i 1 1 

, ^ 

■ s ; 

c . 1 

Quantity 

Quantity 

distnluitod 

' ^ruMlation, 

1 

2 

c 






Total 
quiinlity 
retunu'd 
from land 


1872. 

Julj 14 to July 20 
July 20 to July 27 
July 28 to Aug. 0 
Aug. 4 to Aug. 10 
Aug. 1 1 to Aug. 1 7 
Aug. 18 to Aug. 24 
Aug. 25 to Aug. 
Sept. 1 to Se])t. 7 
Sept. 8 to Sept. 14 
Sept. 15 to Sept. 21 
Sept. 22 to Sept. 28 
Sept. 21) to Oct, 5 
Oct. C to Oct. 12 
Oct. 13 to Oct. 10 
Oct. 20 to Oct. 20 
Get. 27 to Kov. 2 
Isov. 3 to IS'ov. 0 
iNoT. 10 to IS'ov. 10 
Kov. 17 to Isov. 23 
Isov. 23 to Isov. 30 
Dec. 1 to Dec. 7 
Dec. 8 to Dec. 15 
Dec. 15 to Dec. 21 
Dec. 22 to Dec. 28 
1872. 1873. 

Dec, 29 to Jan. 4 
Jan. 5 to Jan. 11 
Jan. 12 to Jan. 18 
Jan. 19 to Jan. 25 
Jan. 20 to Feb. 1 
Feb. 2 to Feb. 8 , 
Feb. 9 to Feb. 15 
Feb. 10 to Feb. 22 
Feb. 23 to Mar. 1 
Mar. 2 to Mar. 8 
Mar. 9 to Mar. 15 
Mar. 16 to Mar. 22 
Mar. 23 to Mar. 29 


: ? ? ' 


■S'C' 




' <1 1 


< 




F. in. j 

galK 

^ F. 

galls. 

pill- 

gall.^s 

67 

0-891 

1,690,100 

657 

1.383.700 

306,400 

2.198,200 

80 

, o' 48 ! 

1.653,800 

68*7 

1.653,800 



1,856,900 

69 

0*76 

1.677.100 

67 

1,677, ICO 


1,704,000 

6*5 

1*64 

1.858,700 

f ’5 

1.060,100 

79S,Cco 

1.852.100 

'3; 

0*0l| 

1.582,000 


1.582,000 


1.081,000 

70 

c*co 

i,';58.400 

66 

1,358,400 

. ...^ 

1.348,600 

67 

C 89' 

1 533 SCO 

64 s 

1.533,300 


1,896,200 

73 

047; 

1,647,500 

66 

1,647.520 



1,663,100 

69 

C'03 

j 480,500 

(76 

1.480,500 


1,664,800 

60 c cc 

1,321.0' c 

^5 

1.046,800 

274,200 

1,933,900 

.54 

o*8o 

1,390,900 

62 

759 - 7 CC 

63 1,200 

1,092,000 

, 5 « 

0*96 

1,626.20c 

bS 

1,406,000 

220,200 

1,809,200 

52 

: G *54 

1 . 347,100 

63 

1 , 188. ICC 

159,000 

1,653,100 

49 

C'28 

1.447,700 

1,892,300 

61 

1.297,70c 

I 50,000 

1,647.500 

48 ' I 88 

5 ^ 

1,892,300 


2,803,800 

53 

.0S6 

1.625,700 

58 

1,558,200 

67,500 

3,064,900 

53 ‘^•46 

1,673,200 

5 « 

1,673,200 


2,584,800 

40 

10*99 

2,150,100 

55 

2,150,100 

“ 

2,153,100 

46 

1^55 

2,199,400 

55 

2,199,400 


2,468,100 

49*5 : 075 

2,10^. Sco 

56 

j 2,104.800 


2,141,100 

42 

; 1*27' 

2,873,400 

53 

, 2,123,400 

75c,ccck 

1 2,609,800 

39 

! o*6o 

2,524,100 

' 5 ^ 

1 2,524,100 


1 2,482,400 

,42 

i 1-67; 

3,161,200 

, 5 c 

■ 1,836,100 

1,325,000 

3,153,100 

i 48'5 1 

2,591,300 

i52 

1 2,271,300 

1 320,000 

2,488,500 

146-5 071' 

2,789,400 

'52*5 

2,789,400 

1 

2,674,800 

497 ' 0*66 

3,126,800 


; 2,941,900 1 

1 84,400 

2,695,100 

49 )0*i8' 

2,836,200 

!53 

1 2,836,200 


2,659,400 

. 3 !i 

I 0*62 

2,535>3oo 

'52 

’ 1,585.3^0 

950,000 

2,334,600 

’34 |0-oo 

2,409,100 

: 5 i *5 

, 2,325.300 

83,800 

2,519,800 

i 34 

1 0 - 49 - 

2,424,100 150 

1 2,274,100 j 

150,000 : 

2,273,000 

138 0*11, 

2,289,500 

50 

1 2,289,500 


2,324,000 

35 

0*00 

2,192,800 

35 

2,192,800 


2,071,600 

37*5 146' 

3,165,500 49 

1,814,000 

i,35h5^^ 

2,308,300 

47'5 

2,401,100 

49 

2,348,600 

52,500 

2,313,000 

41-5 0*28- 

2,510,400 

ISO'S 

2,025.400 

485,000 

2,407,400 

42 

0*39 

2,426,200 

ISO 

1,341,600 

1,084,600 

2,024,800 

152*5 jo-02 

2,141,100 152 

i 

1,343,300 

797,800 

1,524,800 
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tions pumped or flowing by gravitation on to the Land, and of Effluent Water 
tation, or discharged into the lliver, and of the Total Liquid applied to the Land. 


Iasi Report.] 


Efiluoiit water. 

Total liquid applied. 

Proportion of effluent water to 
sewage distributed. 


Avorage temperature 
thereof. 

Quantity 

repunipcd 

on 

to land. 

(Juantily 

diwlnbuted 

l,y 

grtiA 1 ta- 
tion. 

Quant it \ 
d'neliarged 
into riMT 

Diluted 
Bewnge 
from tank. 

... 

j 

u 

£ 

il 

Town 

Eevnge 

distributed 

i*y 

graMtation 

Effluent 

water 

distributed 

6 y 

gra\ ita- 
tion. 

Total. 


“F. 

gala. 

galls. 

galls. 

gillls. 

- F. 

galls. 

galls. 

gall.-^. 


■' 59 

133,700 

64,800 

1,999,700 

i> 353 » 5 oo 

65*5 

306,400 

0 

0 

oc 

- 4 - 

1,724,700 

ri 75 

1 6z 

97,700 


1,759,200 

1,724,300 

68 '0 



1,724,300 

1*077 


02 

6co.2oo 


1,103,800 

2,204,700 

66 



2,204,700 

'773 


6i 

80,700 

59 JOO 

1,71 1,700 

1,230,300 

64-5 

798,600 

59.700 

2,088,600 

•887 


6i 

134,400 


946,600 

1,673,000 

65 



1,673,000 

•646 


6i 

525,400 


823,200 

1,843,600 

65-5 



1,843,600 

•732 


6i 

192,500 



1,703,700 

1,752,200 

64' 



1,752,200 

I ’082 


6i 

15,100 


1,648,000 

1,682,600 

^ 5*5 



1,682,600 

• 9 Sg 


62 

574,300 


1,090,500 

1,977,900 

65 



1,977,900 

■842 


61 

841,400 

97,500 

99 5,000 

1,986,400 

64 

274,200 

97,500 

2,358,100 

•820 


58 

169,900 

127,100 

795,000 

i.coi.Soo 

61 

631,200 

127,100 

1,760,100 

•620 


57 

231,100 

4,800 

1,573,300 

I 563,600 


220,200 

4,8co 

1,788,600 

I’OIZ 


55 

151,900 

10,500 

1,490,700 

1,398,400 

61 

1 59, COO 

10,500 

1,567,900 

1*054 


53 

I 39,400 


1,488,100 

1 ,368,000 

58 

150,000 


1,518,000 

1*085 


53 

280,300 


2,523,500 

2.010,300 

56 



2,510,300 

1*395 


53 

34,600 

13.500 

3,016,800 

1,789,500 

57 

0 

0 

13^500 

1,870,500 

1*638 


53 



2,584,800 

1,685,000 i 

53 i 




1,685,000 

1*534 


50 



2,153,100 

1,944,400 1 

52 ; 



1,944,400 

1*107 


50 



2,468,100 

2,371,500 

52-5 1 



2,371,500 

I ‘041 


49 



2,141,100 

2,090,900 

54 



2,090,900 

1*024 


49 



2,609,800 

2,151,100 

52 

750,000 


2,901,100 

*900 


49 



2,482,400 

2,460,200 

50 




2,460,200 

1*009 


48/ 


135,000 

3,018,100 

1,731,800 

50 

1,325,100 

135,000 

3,191,900 

•988 


47 


61,900 

2,426,600 

2,326,300 

51 

320,000 

61,900 

2,708,200 

•919 


47 



2,674,800 

2,750,800 

51-5 



2,750,800 

•972 


47 


18,000 

2,677,100 

2,799,800 

51 

184,400 

1 8,000 

3,002,200 

•898 


48 

i 


2,659,400 

2,958,800 

52 



2,958,800 

•899 


46 


271,500 

2,063,100 

1,842,600 

51 

950,000 

271,500 

3,064,100 

*762 


43 



2,519,800 

2,159,100 

49 

83,800 


2,242,900 

1*123 


43 



2,273,000 

2,278,100 

48 

150,000 


2,428,100 

•936 


42 



2,324,000 

2,318,000 

49 



2,318,000 

1*003 


42 



2,071,600 

2,228,800 

49 



2,228,800 

*929 


42 


208,500 

2,099,800 

1,767,300 

48 

1,351.500 

208,500 

3,3=^7.300 

•691 


43 




2,3'! 3,000 


49 

52,500 


2,419,800 

•956 


43 


46,700 

2,360,700 

2,287,300 

48 

485,000 

46,700 

2,819,000 

•854 


43 


51,600 

1 , 973,200 

1,151.500 

49 

1,084,600 

51,600 

2,287,700 1 

•885 


! 

59,300 

58,400 

1,407,100 

1,362,800 

52 

797,800 

00 

0 

0 

2,219,000 

•687 


2 £ 2 



Table II. — Breton ^ b Sewage-Farm. 

Statement showing the Nitrogen according to analysis of Sewage as pumped and of Effluent Drainage-water, from March 1872 

to March 1873. 

Eesults given in parts per 100,000. 


430 


REPORT — 1873. 


Effluent drainage-water. | 

Nitrogen. 
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1872. 

Mar. 18 to Mar. 23 
April 9 to April 13 
May 13 to May 18 
June 10 to J une 15 
July 8 to July 13 
Aug. 5 to Aug. 10 
Sept. 2 to Sept. 7 
Sept. 30 to Oct. 5 
Oct. 28 to Nov. 2 

Nov. 23 to Nov. 30 

1872, 1873. 

Dec. 30 to Jan. 4 

Jan. 27 to Feb. 1 

Mar. 3 to Mar. 8 

Mar. 24 to Mar. 29 

joqianii sieiivny 

dMcJt>b<4*'Avdt^odc5N dw«tn 
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Table III. — Bretons Setvage-Fann, 

Statement showing the Monthly Quantities of Sewage distributed and Nitrogen contained therein, and of Effluent Water 
discharged and Nitrogen contained therein, for the period from March 25, 1872, to March 24, 1873. 

Sewage or 4iluted sewage distributed. j Effluent water. 
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Tabie IV. — Breton’s 
Statement sliowiiig Sewage applied and Crops grown 


Description. 

I. 

II. 

m. 

IV. 

V. 

VI. 


No. of beds 

Con- 

Crop. 

Date when sown or 

Date when cut or 

Plot. 

(inclusive). 

tents. 

planted. 

gaihoi*ed. 



acres. 




A 

I tn 20 

6 ‘ 4 I 

Onions 

April 1872 

>Se])t. 1872 



179 

Carrots 


Oet. ,, 


(part) " 





21 to 28 

1-59 

Peas 

June „ 

Sept. ,, 

j) 

(part) 




>1 

I to 29 

979 

Cabbage 

Oct. „ 

M )» ............ 

Total A 


979 









B 

9 to 26 

8-a; 

Cabbage 

Oet 1 8" I 

May to Aug, 1872... 

i) 

I „ 8 

3-87 

Italian rvc-gra.ss 

Sept. 1870 and 

April to Aug. 1872. 




i 

' March 1871. 


M 

21, 25, & 26 

1*33 

i Hardy green plants . . . 

April to June 1872.. 

Se]>t. 1872 


0 to 16 

‘!'72 

I Peas 

1 

‘ Juno 1872 

Ang. and Sc]>t. 1872. 


J 

17 M 20 

J / 

rSs 

1 Ilardv greens 

Aiig. and Sept. 1872. 

Dec. 1872 and Jan. 



! 

i 


1 ' 873 - 

J) 

I 7 

3‘39 

1 

' Savoy.s 

.July and Aug. .. 

' .Tan. to March 1873. 


8 „ 16 

il*20 i 

Cabbaec., 

Kept . T 872 



I 5 

2'A‘I 

Oats 

Ala roll 1875 



^ 7 

1 J 1 

‘06 

Wheat 




17 ; 

; 4-54 


i 


1 *’ 


Total B 


12*12 








* 


C 

All 

I ‘07 

Oats 

March 1872 

1 

' Ang. 1872 

» 


I '97 

Ilardv greens 

Sept 

Jan. and Feb. 1873. 


J, 

1*97 

Wheat 

March 1873 







Tot'tl C 


1*97 



1 





1 


The figures in columns marked thus (-n) are to bo considered 






ON Tllli: TREATMENT AND UTILIZATION OF SEWAGE. 
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Sewage- Fat ai, 

from March 25, Ls72, to Marcli 24, Ls72. 


Approximate estimate of 

PrAdiiPO. 

t 

1 

sowa^m applied. 




' 

1 

vir. 

VIII. 

IX. 

X. 

1 XT 

) 

xn. 

j Kennrks. 


1 



, 


1 

No, (){ 

; dre^s- 

lutiJ. 

Per luav 

Tui il. 

j Ter acre. 

applied 1 
!pcr ton of 

j mgs. 

1 

1 >ls 

1 

* 


■ 

' prod nee. 

• 

1 

to. IS. 

tons, 

ton- 


' ton«. 


1 17 

k,65o 

I 661 

6 j 9 

; 10-3 

j62 

' 9*75 tons of this crop ploughed in. 

' 5 

a.250 

1.255; 

21-3 

11-9 

106 

14-2 tons eon.sunied by cattle oil the 

1 






farm 

1 6 

2.3:0 

1.47:^ 

•± J 

iL sj 


hieluding Ntraw, 3*5 tons consumed by 

j 






cattle. 

26 

Tg.cco 

1,432 



.. . 

Tins crop remained March 25, 1873. 


29,200 

2.982 

91'3 

9'3 

32c 

The whole plot was under crop at the 

1 






end of the year. 







( TliH crop received 8577 tons of 

31 


2,855 

153-6 

18'6 

IS3 

1 sewage previous to March 1872. 

[ 38-4 tons We're consumed by cattle 

L on the farm or ploughed in. 

22 

13,800 

3.566 

CO 

U1 

6 

22-0 

162 

■1108 toils seumje apjilied in ALirch 







1 1871. 

6 

1.50D 

I, 17 ^ 

120 

96 

II -7 

I One half of tlic plants were ploughed 

6 

6,050 

i,6z6 

0 

0 

2-7 

605 

Including straw, S‘4 tons consumed 







bv cattle. 

8 

3 j 

1,946 

7-0 

1 38 

54 

riouglu'd m 1-4 ton. 

10 

1 

7,700 1 

2.271 

23-G 

\ S '7 

260 

5 9 tons ploiiglicd in or coiiBumed by 


j ! 





cattle. 


7.55^ 





1 Tins (Top remained March 25th, 1873. 

}} 

V 






|(7r{>})S remained March, 25th, 1873. 

32 

i3,f50 

4,064 






82.200 

6.782 

293-0 

12-16 


Tlie whole plot was under crop at the 





i 1 

^ 276 

i 

('ik 1 of the year. 

... 



6-8 

1 3-4 


4-6 tons et raw. 20, 3 28 tons of sewage 







applied to the fallow previous to 
sowing the oats. 

30 

8,850 

449- 

6-7 

3-4 

1,321 

3-3 tons ploughed in &c. 


8,850 

4,492 

13-5 

6-8 

656 

Plot all under crop at the end of the 


51 * 

fi* 



>1* 

year. 


only UB approxiiinitioiiB, for rcaBOUS Btatcdin llic lust Report. 
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REPORT — 1873. 


Table IV. 


Description. 


II. 


III. 


Plot. 


No. of bcds| 
(inclusive). 


Con- 

tents. 


IV. 


Crop. 


All 


Total D I 


14. 5, 22 

2 ,, 13 

I „ 22 


Total E ' 


Total F 


a 


1 } 

■ { 


I to 8 

9 and 1 0 

I I to 1 6 
1 7 and 1 8 

12 to 16 


13 and 14 

I „ 2 

3 

4 to 9 

10 „ 12 
^3 n 15 


16 

17 

18 to 22 


4 
9 

5 toio& 1 
17 to 22 J 


acres, j 

6*93 j Oat.«i 

6-93 j Italian r} e-grass 


693 I 


I to 13 I 3 ’60 I Italian rye-grass 


Total a 1 


2*17 ; Stninlicrrics . 

3-30 ; Peas 

576 C'abbnge . 


576 


170 ' Carrots 
•42 j Peas . . . 
1*27 j Potatoes 


'42 

ro6 


3-82 


•47 

'47 

•23 

1-41 

70 

70 


*23 

*23 

i'i8 

•23 

•23 

2*82 


5'i7 


Strawberries . 


Hardy greens.. 


Mangold 
Carrots .. 

Onions .. 


Cabbage 

Brus.sels sprouts 


Onions ...... 

Potatoes 

Onions 

Kohl rabi ... 
Cauliflowers 

Cabbage 


V. 


Dale \>licn sown or 
planted. 


VI. 


Date when cut or 
gathered. 


March 1872 I Aug. 1872 

Aug. ! N()v. 1872 to March 

i 1 ^ 73 - 


March 18 ■"2 


' June to Sept. 


1872. 


* June to July ,, 

Juno 1872 Sejit. 1872 

Oct. i 


April 1872... i Nov. 1872 

June i Sept. ,, 

April „ ' „ „ . 

March „ j 


Sept, to Nov. 1872. . 


Oct. 1871 . 

April 1872. 
May „ 

Aug. 1871 . 

June 1872 . 


May to July 1872 


May 1872 , 
April „ 


Aug. „ 

July » 

Sept, and Oct. 1872 


May 3872 , 

Nov. 1872 , 
Dec. „ . 


Aug. 1872 

Nov. 1872 to March 
1873 - 

No V. and Dec. 1872 

Sept. 1872 

Aug. „ 

Dec. ,, 

Aug. and Sept. 1872I 


The figures in columns marked thus {#) are to be considered 






ON THE TREATMENT AND DTILIZATION OF SEWAGE. 
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(continued). 


Approximate estimate of 

Produftfi. 



83 wage applied. 





Vll. 

yiii. 

IX. 

X. 

XL 

XII. 

Eemarks. 

No. of 


1 



Sewage 

applied 


dress- 

^Total. 

Per acre. 

Total. 

Per acre. 

per ton of 


mgs. 

* 

* 



produce. 

* 



tons. 

tons. 

tons. 

ions. 

tons. 





23-3 

3*4 


1 6-2 tons straw. 

27 


2,561 1 

34*7 

50 

511 

The crop remained March 1873. 

... 

17,750 

2,561 

58 * 0 

8*4 

306 

Plot all under crop at the end of the 







year. 

6 

3.850 

1,069 

91 

2*5 

423 

Fallow received 6670 tons previous to 




0-2 

0*1 


sowing grass. 

2 

1,100 

507 

5500 


10 

6,500 

1,969 

8 0 

2*4 

812 

Straw 7*4 tons. Used on farm. 

15 

9 > 35 o 

1,623 




Crop remained March 1873. 


20,800 

3,611 

17-3 

30 

1202 

Plot all under crop at end of year. 

1 

<;oo* 

294 

30-2 

17.8 

17 

Tops used for fodder, 7*8 tons. 

1 

150 

357 

1-2 

2*8 

125 

Straw used as fodder, *94 ton. 




89 

7*0 


i 

200 

476 





The.se jdants remain. No yield at 




1 

! 



present. 

>> i» 


850 

223 

40 3 

10*5 

21 

Beds I to 1 1 fallow all the winter. 




23 

4 9 


Eeceived 1 109 tons of sewage previous 







to March 1872. 

16 

1,850 

6,064 

13-4 

28*5 

213 

Tops &c. ploughed in 2 tons. 

11 

950 

4-130 

3-5 

15-2 

271 

•66 Ion tops used as fodder, 
r This crop received 802 tons of sew- 

6 

3,100 

2,199 

181 

12*8 

i7i 

j age previous to March 1872. 12 
j tons of the onions were ploughed 







in, there bein^ no sale for them. 

5 

1,000 

1,429 

14-5 

20-7 

69 

I ’5 ton ploughed in. 

4 

950 

1-357 

5-8 

8-3 

164 

3*1 tons ploughed in or consumed by 







cattle. 

5 

400 

1-739 

652 

4*2 

18*3 

95 


2 

ISO 

1*3 

5*6 

115 


5 

2,050 

1-737 

31*0 

26*3 

66 


5 

400 

1-739 

1*5 

6*5 

267 


5 

450 

1-957 

5*8 

25*2 

78 

5*2 tons cut for cattle and ploughed in. 

11 

3^750 

1,329 




Crop remained March 1873. 


16,050 

3-104 

101*4 

19*6 

158 

Part of plot fallow all winter. 

\ 


♦ 

* 



♦ 


only as approximations, for reasons stated in the last Beport. 
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HEroRT — 1873. 


Table IV. 


Description. 

I. 

ii. 

III. 

1 :iv. 

.1 

y. 

TT. 

Plot. 

No. of beds 

Con- 

I Crop. 

Date when sown or 

Date when eut or 

(inclusive). 

tents. 

planted. 

gathered. 



acres. 




i n 

1 

I to 2 A 

6 ’40 


Sept. iS"! 

April to July 1872.. 




i M 

I ,1 17 

4‘25 

Hardv greens 

tliilv 1872 

Oct. to Dec. 1872 .. 

i >> 

18 ,,24 

2-15 

Cabbage 

June „ 

! Aug. 1872 to Itlarcli 

1 



! 

1 

1 

i 

I „ 24 

6-40 

; Onions 

i 

1 

R'b.and Mareli 18 7 3 



Total H 


6*40^ 

1 

1 




I 

1 . _ 


■ { 

I to 3 andl 
10 to 18 J 

]>art 

4-16 

! Cabbage and liard\ 1 
' greens. ( 

Sept, and Oet 1872 

April to July 1872 


4 to 9 

2-27 

Potatoes 

Feb. 1872 

July 18-2 


I M 3 

rii 

C'abbage 

Mav 

Aug. 1872 to March 




il 573 - 


4 9 

2*27 

Cabbage-plants 

Julv „ 

Se]d. and Oet. 1872 

)> 

10 j) 15 

232 

Hardy green^^ 

” ’■ 

Oet. and Nov. .. 


16 ,, 18 

•97 

Peas 


Scjit. 1872 




4 „ 18 

5*56 


»> 



Total I 

1 


j ^‘^’7 


_ ' 





K 

All 

4'44 


-''F'i 1S72 




M 


4'44 

Italian rye-giMBs 

Sept. ,, 

Nov. 1872J 1 cutting 

Total K 


4‘44 









L 

All. 

2*87 

' 5 ^ 

TAilL.w I 


t) 

Part. 

Afangold 

June 1872 

Nov. 1872 



2’37 


June and July 1872 

,, ,, to Jan. 

)> 

All. 

Filluw 

1S71. 

2*87 






T()< al L 


2*87 








M 

All 

2*17 

Cabliage 

Oct. 1S71 

June to Aug. 1872 

3 ’i 7 

Italian rye-grnpw 

Sept. 1872 




’’ 







3 ‘i 7 




■MH 





The figures in columns marked thus (*) are to bo considered 







ON THE TRE.^TMENT AND UTILIZATION OF SEWAGE. 
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ontimed). 



Approximate estimate of 
sewage applied. 

Produce. 


Remarks, 

VIL 

VITI. 

IX. 

X. 

xr. 

XII. 

No. of 
dress- 
ings. 

Total. 

>K 

Per acre. 

Total. 

Per aero. 

Sewage 
applied 
])er ton of 
produce. 

' * 



tons. 

tons. 

tons 

Iona. 

tons. 



32 

19,950 

3>iJ7 

lOlT 

158 

197 

10-6 tons plonglied in. Tlio crop re- 








eeivod 6387 tons of sewage previous 








to March 1872. 


20 

6,800 

1.600 

65*5 

15-4 

104 

6*4 tons jdouglied in. 


14 

7,750 

3,605 

4b3 

211 

171 

47 loiLs consumed by cattle or ploughed 


40 

33,600 

5,25.0 




Crop remained March 1873. Sewage 








all applied to fallow. 



68,100 

10,64 1 

211-9 

33-1 

3=' 

Plot all under crop at end of year. 


9 

5,000 

I 202 

54-0 

13-0 

93 

10-5 tons consumed by cattle or ploughed 


2 

1,250 

55 ' 

7-3 

3-2 

J71 

in. 


21 

8,250 

7.432 

23-2 

20-9 

356 

1*5 ton consumed by cattle or ploughed 


2 

650 

286 

25-8 

11-4 

^5 



11 


M 3 5 


13 3 

1S3 

3 tons consumed by cattle or ploiiglicd 


7 

1,450 

1,495 

2-6 

2-7 

55S 

i JJJ* 

1 Straw 2‘3 tons. 


24 

19.250 

3.402 




1 

j 


41,500 

6,222 , 

143-8 

21'6 

2S9 

1 Nearly nil tins plot was fallow through- 








out the winter, and the whole clear 








at the end of the year. 





15-3 

3-4 I 


10*4 tons straw. 


19 

1 JO, 750 

2,421 

6 7 

' 1-5 

1604 

1_! 

This gi-ass remains. 



10.750 

2,421 1 

220 

4-9 

489 1 

1 Plot ;ill under crop at end of year. 



1 

1 24,800 

8,641 




i 

1 


'4 

1.300 

2,60 j 

4-1 

8-2 

3*7 

j 1.25 consumed by cattle on farm. 


11 

3.830 

1,616 

497 

210 

77 

i Only one sixth of this crop sold; re- 










7 

6,600 

2,300 




1 mainder destroyed by floods. 



36,530 

12,728 

53-8 

18-7 

679 



24 

12,000 

3.7S5 

65-7 

20-7 

183 

1 3275 tons consumed by cattle or 







! 

ploughed ill. The crop received 








4394 tons of sewago previous to 








March 1872. 


10 

4 » 95 o 

1,561 




Grass not cut till March 1873. 



i6,9So 

5.346 

65-7 

20-7 

258 

Standing crop at end of year. 




* 



# 



only as approximations, for reasons stutcd in tlio last Report. 
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EEPOET — 1878 ( 


Table IT- 


Description. 


I. 

11. 

III. 

IV. 

V. 

VI. 

Plot. 

No. of beds 
(inclusive). 

Con- 

tents. 

Crop. 

Date when sown or 
planted. 

Date when cut or 
gathered. 

N 

f) 

7 and 8 

All. 

acres. 

■ 5 ^ 

4 'i 5 

Broccoli 

Italian rye-grass 

July 1871 

Mar. and May 1872 

April 1872 

July „ to Jan. 
’1873. 

Total N 


4*15 








0 

j> 

All. 

M 

5 ' 9 i 

5-92 

Wheat 

Cabbage 

Feb. 1872 

Sept. „ 

Aug. 1872 

» 11 

Total 0 


5-92 








P 

1) 

Part. 

All. 

2*00 

1-50 

3*50 

Hardy greens and 1 

savoys J 

Drumhead cabbage ... 

Wheat 1 

April 1872 

May „ 

March 1873 

r June 1872 to 1 

1 Mar. 1873. j 
Oct. to Dec. 1872. 

Total P 


3-50 








Q 

1 ) 

JJ 

11 

11 

I to 10 

II to 20 

21 and 22 

I to 10 

1 1 to 22 

1*04 

i’07 

•23 

1*04 

1*30 

Barley 

Savoys 

Drumhead cabbage... 

Cabbage 

Fallow 

iMay 1872 

My 

May „ 

Oct. 1873 

Sept. 1872 

Nov. „ to Jan. 
1873. 

Nov. 1873 

i ' 


Total Q 


2-34 








R 

11 

11 

All. * 
Part. 

11 

2*40 

•12 

Mangold 

Fallow 

April 1872 

Nov. 1872 

Oziers 

Jan. 1873 





Total R 


2*52 







V 

S 

it 

11 

All. 

11 

11 

*22 

*22 

‘22 

Onions 

Hardy greens 

Rhubarb 

March 1872 

Aug 

Feb. „ 

Julyand Aug. 1873. 
Dec. 1872 

Total S 


*22 









The figures in columns marked thus (*) are to be considered 









ON THE TREATMENT AND UTILIZATION OE SEWAGE. 
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(coMinued), 


Approximate estimate of 
sewage applied. 

Produce. 


Ilemark.s. 

YII. 

VIII. 

IX. 

X. 

xr. 

xir. 

No. of 
dress- 
ings. 

Total. 

* 

Per acre. 

* 

Total. 

Per acre. 

Sewage 
applied 
ler ton of 
produce. 

75 

ions. 

37,950 

' tons. 

9,145 

tons. 

13*8 

187-9 

tons. 

26-5 

45-3 

tons. 

202 

This crop received 2194 tons of sewage 
previous to March 1872. ii tons 
consumed by cattle or ploughed in. 
Grass cut 6 times and still remains. 


37,950 

9,154 

2017 

48-6 

188 

Standing crop at end of year. 

31 

21,100 

3.564 

20-7 

3-5 



30 qrs. wheat =675 tons, tail wheat = 

•45 tons, straw 13-5 tons. 

This crop remained March 1873. 


21,100 

3.564 

20*7 

3-5 

1019 

Standing crop at end of year. 

52 

55 

16,300 

18,450 

8,150 

12,300 

22-7 

45-1 

113 

30-1 

718 1 
409 

10 tons consumed by cattle or ploughed 
in. 

30 tons consumed by cattle or ploughed 
in. 

The crop remained March 1873. 

... 

34,750 

9,9^7 

67-8 

19-4 

513 

Standing crop at end of year. 

1 

3 

1 

2 

2 

1,150 

150 

250 

550 

1,075 

652 

240 

423 

2-6 

23-6 

3-2 

2*5 

22-1 

139 

487 

47 

2‘ 1 2 tons straw. 

15*7 tons consumed by cattle or 
ploughed in. 

2' I tons consumed by cattle or ploughed 
in. 

Crop remained March 1873. 


2,100 

897 

29-4 

12-6 

71 


3 

14 

13 

1,450 

8,150 

680 

575 

3.396 

5.667 

46-6 

18-5 

31 

5 tons small mangolds ploughed in. 

Crop remained March 1873. 


10,280 

4,079 

46-6 

18-5 

221 


2 

2 

400 

150 

1,818 

682 

11-8 

21 

8-2 

9-5 

222 

71 

•33 ton consumed by cattle or ploughed 
in. 

Crop remained March 1873. 

... 

550 

.1— 

2,5^ 

39 

17*7 

141 

)|c 

Standing crop at end of year. 


only as approximations, for reasons stated in the last Report, 
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REPORT — 1873. 


Table IY. 


Description. 

I. 

II. 

III. 

! 

V. 

VI. 

Plot. 

Xo. of bocl^ 
(inclusive) 

Con- 

tents. 

Crop. 

Date when sown or 
planted. 

Date wlicn cut or 
gathered. 

V 

All. 

a.cres. 

2-53 

2*53 

2-53 

Siiroiiting broccoli . . . 

Dvy.irf and iniimcr 
lieaiis. 

Wheat 

Oct. 1871 

April 1872 


o 

May 1872 

March 1873 

Ang. „ 






Total U 


2*53 








y 

Part. 

* 5 ^ 

2*00 

Wliilc broccoli 

June 1871 .. . . 

00 



Cabbage 

Oct. „ 

May to Aug. 1872 

Se])t 1872 



2'gS 

pM.rlcv 

May I S72 



2‘00 


So])t. ,, 

Oct. 

IVhiicli 1873 



2*93 




” 




Total y 


4*93 








w 

All. 

3*0 

275 

275 

Oafs 

March 1872 

Aug. 1872 

Part. 

Hardv greens 

Sept. ,, • 

Feb. and Mar. 1873 


Wheat 

Marcli 1873 


” 




Tolal W 


avj-rngo 

2-87 








X 

All. 

3*86 ! 

Fallow 




Part. 

3*36 

‘50 

Mangold 

May 1872 

Xov. 1872,. 


Savoys 

July „ 

Xov. ,, to Mar. 





1873, 


All. 

3-86 

Wheat, 

March 1873 






Total X 


3*86 








Y 

All. 

5'6 o 

Hay 

Permanent grass . . . 

2 cuttings, June 
and Sept. 1872. 




Tlie figures in columns marked thus (#) are to be considered 







ON THE TREATMENT AND UTILIZATION OF SEWAGE. 
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(continued,) 


Approximate csiiinato of 




sewage applied. 





VII. 

VIIL 

IX. 

X. 

XL 

XII. 

Remarks. 



1 


1 

Sewage 


No. of 


1 


1 

ap])lied 


(Irops- 

lllgS. 

Tot.a. 

Per acre. 

Cfoial. 

i i\‘r acre 

])er ton of 
produce. 





i 





1 OOK. 

ions. 

ions 

tons. 





13-4 

5-3 


Tins crop received 5797 ions of sewage 







])rcviou8 to March 1872. The 

greater portnon of crop consumed by 







cattle or ploughed in. 

15 

7,900 

3,122 

7-2 

' 23 

IG97 

Tliree fourllis of this crop W'as ploughed 

37 

9.55^ 

3.775 




Crop remains ; sewage all applied to 






the fallow. 


17.450 

6,897 

20-6 

81 

847 

Standing crop at end of year. 




14 5 

290 


Pour fifths of tins crop ])loughed in or 







eonsumod by cattle. Received 2126 
tons of sewage previous to March 







1872 

3 

7,950 

1.475 

351 

t 7'5 

84 

Consumed by cattle and ploughed in 



1 

1 


4 tons. Received 2053 tons of sew- 
age previous to March 1872. 






7-2 

25 


Straw, 5*8 tons. 

7 

2,800 

1,400 

47 

23 

596 

Consumed by cattle or ploughed in 







2-5 tons. 

5 

3,000 

1,024 



1 

Cro]) remained March 1873. 


8,750 

1.775 

61-5 

12*3 

142 

Standing crop on part of plot at end 







of year. 

1 



10*2 

3-4 


Fallow received 8345 tons sewage pre- 







vious to March 1872. Straw 6’9 
tons. 

33 

9,600 

3.491 

60 

2*2 

1600 

Consumed by cattle or ploughed in 3 





tons. 







Cro}) remained March 1873. 


9,600 

3.345 

16-2 

5*6 

593 

Plot in .seed at end of year ; quarter 
acre of jilot taken for gravel-pit, &c. 

7 

5,000 

1,295 



I 

Waste 8 ’4 tons. 

7 

6,150 

1,830 

840 

25-0 

73 

4 

650 

1,300 

101 

20-2 

64 

Five sixths of this crop injured by 


i 


Hoods and consumed by pigs or 
ploughed in. 




14 

14,800 

3.834 




All this sewage applied to the fallow. 





Crop remained March 1873. 


26,600 

6,891 

941 

24*4 

283 

Plot in seed at end of year. 

7 

5.150 

920 

24*6 

4*4 

209 j 

The grass remains ; 2400 tons of this 
sewage applied since the second 


* 

Ht 



^ 1 

cutting. 


ns approximations, for reasons stated m the last Report 
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REPORT— ISyS. 


Table V. — Breton’s 


Summary for the year ending March 24, 1873, showing the Nitrogen applied 


Description. 

Produce. 

Approximate estimate of 
sewage applied. 








Per 
ton of 

Plot 

Contents. 

Cr Op. 

Total. 

Per acre. 

Total. 

Per acre. 

pro- 

duce. 








* 

* 




tons. 

tons. 

tons. 

tons. 

tons. 

A 

9-79 

Onions, carrots, and peas 

91*2 

9*3 

29,200 

2,982 

320 

B 

12*12 

/ Cabbage, Italian rye-grass, hardy green 1 

298*0 

24*6 

82,200 

6,782 

276 

\ plants, peas, and savoys j 






C 

1*97 

Oats and hardy greens 

13*5 

6*8 

8,850 

4.492 

656 

D 

6*93 

Oats and Italian rye-grass 

58*0 

8*4 

17.750 

2,561 

306 

E 

5*76 

Italian rye-grass, strawberries, and peas... 

17*3 

3*0 

20,800 

3.611 

1202 

F 

3*82 

Carrots, peas, and potatoes 

40*3 

10*5 

850 

223 

21 



r Hardy green8,mangold, carrots, onions, 1 

101*4 

19*6 

16,050 

3.104 

158 

a 

517 

■j cabbage, Brussels sprouts, potatoes, ^ 

1 kohl rabi, and cauliflowers. J 






H 

6*40 

Cabbage and hardy greens 

211*9 

331 

68,100 

10,641 

321 

I 

6*67 

Cabbage, hardy greens, potatoes, and peas 

143*8 

21*6 

41,500 

6,222 

289 

K 

4*44 

Barley and Italian rye-grass 

22*0 

4*9 

10,750 

2,421 

489 

L 

2*87 

Mangold and savoys 

53*8 

18*7 

36.530 

12,728 

679 

M 

3*17 

Cabbage 

65*7 

20*7 

16,950 

5.346 

258 

N 

415 

Broccoli and Italian rye-grass 

201*7 

48*6 

37,950 

9.145 

188 

0 

5*92 

Wheat 

20*7 

3*5 

21,100 

3^564 

1019 

P 

3*50 

Hardy greens, savoys, and cabbage 

67*8 

19*4 

34,750 

9.927 

513 

Q 

2*34 

Barley, savoys, and cabbage 

29*4 

12*6 

2,100 

897 

71 

R 

2*52 

Mangold 

46*6 

18*5 

10,280 

4,079 

221 

S 

•22 

Onions and hardy greens 

3*9 

17*7 

550 

2,500 

141 

u 

2’53 

r Dwarf and runner beans and sprouting | 
\ broccoli j 

20*6 

8*1 

17.450 

6,897 

847 

V 

4-93 

/White broccoli, cabbage, hardy greens, 1 
\ and barley j 

61*5 

12*5 

8,750 

h77S 

142 

w 

2*87 

Oats and hardy greens 

16*2 

5*6 

9,600 

3.345 

593 

X 

3*86 

Mangold and savoys 

94*1 

24*4 

26,600 

6,891 

283 

V 

5-60 

/Hay (equal to four and a half times') 

24*6 

4*4 





\ this quantity when green) j 

5.150 

920 

209 


107-55 


1704*0 

15*85 

523,810 

4,870 

307 


The figures in columns marked thus (») arc to he considered only as approximations 
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Sewage Farm. 


to the Land during that period, and its relation to the Produce of the Farm. 


Approximate estimate of nitrogen. 


Quantity applied. 

Quantity 

escaping 

in 

effluent 

water. 

Difference (in soil, 
crops, &c.) 

Calculated to be in 
crops. 

liTot accounted for (in 
standing crops, soil, 
and drained away). 

Per cent. 

Total. 

* 

Per 

acre. 

* 

Per 
ton of 
pro- 
duce. 

♦ 

Total. 

♦ 

Per 

acre. 

* 

Per 

tono: 

pro- 

duce. 

♦ 

Total. 

Per 

acre. 

Per 
ton of 
nro- 

auoe. 

Total. 

Per 

acre. 

♦ 

Per 
ton of 
pro- 
duce. 

* 

In 

crop. 

* 

In effluent 
* water. 

* Kot accounted 
for (in soil). 

lb.. 

3.369 

lbs. 

344 

lbs. 

36*9 

lbs. 

668 

lbs. 

2.701 

lbs. 

276 

lbs. 

29'6 

lbs. 

725 

lbs. 

74 

lbs. 

7*9 

lbs. 

1,976 

\bi. 

202 

lbs. 

217 

22 

20 

S3 

9.485 

783 

3r8 

1.879 

7,606 

627 

25*5 

2,927 

242 

9*8 

4.679 

386 

157 

31 

20 

49 

1,021 

518 

73'6 

202 

819 

416 

607 

198 

101 

14*7 

621 

315 

46*0 

J9 

20 

61 

2,048 

295 

35'3 

406 

1,642 

237 

28-3 

954 

138 

16-4 

688 

99 

11-9 

46 

20 

34 

2,400 

416 

1387 

476 

1,924 

334 

11*2 

719 

125 

41-5 

1,205 

209 

697 

30 

20 

50 

98 

1,852 

26 

358 

i ’4 

i 8-3 

19 

367 

79 

1.485 

21 

287 

1*9 

14*6 

276 

533 

72 

103 

68 

53 

952 

184 

9*4 

282 

29 

20 

20 

51 

00 

00 

1228 

37*1 

1.557 

6,301 

985 

297 

1,187 

185 

5-6 

5. ”4 

800 

24*1 

IS 

20 

6s 

4.789 

718 

33-3 

949 

3.840 

376 

267 

989 

148 

6*9 

2,851 

427 

19*8 

21 

20 

59 

1,240 

479 

36-4 

246 

994 

224 

45*2 

373 

84 

17-0 

621 

140 

28*0 

30 

20 

SO 

4.^15 

1473 

78*3 

835 

3.380 

117 

62*8 

301 

105 

5*6 

3.079 

1073 

57*2 

7 

20 

73 

1.956 

617 

29*8 

387 

1,569 

495 

23*9 

368 

116 

5-6 

1,201 

383 

18-3 

19 

20 

61 

4.379 

1055 

217 

867 

3.512 

846 

17-4 

2,350 

566 

11*7 

1,162 

280 

57 

54 

20 

26 

a.435 

411 

ii7’6 

482 

1.953 

330 

94*3 

472 

80 

22*8 

1,481 

250 

71*5 

19 

20 

51 

4,010 

1146 

59*1 

794 

3,2 i 6 

919 

47*4 

380 

109 

5*6 

2,836 

810 

41-8 

9 

20 

71 

242 

103 

8-2 

48 

194 

83 

6-6 

191 

82 

6-5 

3 

1 

*1 

79 

20 

I 

1,186 

471 

25'5 

235 

951 

377 

20*4 

261 

104 

5-6 

690 

273 

14-8 

21 

20 

59 

63 

286 

i 6*2 

12 

51 

232 

13-1 

21 

95 

5*4 

30 

1 137 

77 

33 

20 

47 

2.013 

796 

97*7 

399 

1,614 

638 

78*3 

156 

62 

7*6 

..45* 

576 

707 

8 

20 

72 

1,009 

205 

i6'4 

200 

809 

i64 

13*2 

419 

85 

6*8 

390 

79 

6-4 

41 

20 

39 

1,167 

386 

68*3 

219 

888 

310 

54-8 

275 

96 

17 0 

613 

214 

37-8 

20 

20 

60 

3,06 

795 

32*6 

608 

2,461 

638 

26*2 

527 

137 

5*6 

1.934 

501 

20*6 

19 

20 

6z 

594 

106 

24*1 

118 

476 

85 

19*3 

1,102 

197 

44*8 





x86 

20 


60,438 

562 

35*5 

11,973 

48,465 

|451 

28*5 

15704 

146 

9*2 

32,761 

350 

|l9*J 

26 

|20 

54 


(for reasons stated in the last Report), with the exception of the grand totals. 


for (in soil). 
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Table VI. — BretorCs 

Summary from Crops gathered during the period from March 25, 1872,^ to 

Sewage a^^plied 

[N.B.— The Sewage hero stated is only that applied during the above period. In 


Crop. 


Total 
acreage of 
each 

description 
of crop. 


Produce of each crop. 


Total. 


Per acre. 


Sewage ap- 
the 


Total. 


Italian rye-grass 

Hay (meadow)..., 

Cabbage 

Hardy greens 

Savoys 

Brussels sprouts 

Broccoli 

Cauliflowers 

Kohl rabi 

Beans (dwarf and runner) , 

Peas 

Carrots 

Mangold 

Onions 

Potatoes 

Oats 

Barley 

Wheat 

Strawberries 


Mixed crops— cabbage and 1 
hardy greens and savoys . . . J 

To fallow land and to land! 
under crop March 25, 1873 j 


Total 


acres. 

22-99 

5- 60 
27-78 
17*16 

7- 33 
•70 

3-55 

•23 

•23 

2- 53 
10-00 

3- 72 

6- 85 
9*45 
3-77 

11-90 

8- 36 
592 
2-17 

6-16 

8525 


tons. 

323-4 

24- 6 
512-6 
138-0 
113-0 

5-8 

41-7 

5-8 

1-5 

7-2 

25- 8 
55-0 

148-1 

121-0 

17-5 

( grain 12-6 
straw 27-7 
grain 6*8 
straw 18-3 
f grain 7-2 
\ straw 13-5 

0-2 

76-7 


tons. 

14- 1 

4-4 

18-5 

8-0 

15- 4 
8-3 

11- 7 
25*2 

6-5 

2-8 

2-6 

14-8 

21-6 

12 - 8 

4-6 

1-11 

J-3j 


241-65 


1704-0 


tons. 

84,100 

5^150 

94,700 

3*.9So 

13.330 

950 

•*»**t»t* 

450 
400 
7,900 
16,450 
3,700 
11,750 
X 6,600 
1400 


1,100 

21,300 

205,580 


523,810 


The figures in columns marked thus (#) are to be considered as approximations 
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Sewage-Fam. 

March 24, 1873, showing the quantity of each kind of Produce aud the 
thereto. 

some oases, therefore, it does not represent the total quantity applied to the Crc^.] 


plied to 
crops. 

Sewage 
applied 
per ton 
of pro- 
duce. 

* 

Nitrogen. j 

Per acre. 

Quantity 
applied in 

Quantity 
o.scaping 
in efUuent 

Quantity estimated in crops 

Not accounted 
for (in stand- 
, ing crops, 
soil, &o.). 

* 

* 

sewage. 

* 

water. 

Jk 

Per acre. 

Total. 

tons. 

365* 

tons. 

26 

lbs. 

9,702 

lbs. 

1,923 

054 


lbs. 

3,912 

lbs. 

3,867 

920 

209 

594 

118 

2-00 


1,102 


341 

185 

10,924 

2,164 

0-25 


2,871 

3,889 

2269 

282 

4493 

890 

0-25 


773 

2,830 

1819 

118 

I.S 3 * 

305 

0-25 


633 

600 

1357 

164 

no 

22 

0-25 


32 

36 





0*25 


234 


1957 

7 S 

5 ^ 

10 

0*25 


32 

10 

1739 

267 

46 

9 

0375 

13 

24 

31*3 

1097 

911 

181 

0*50 


81 

649 

1645 

638 

1,898 

376 

3*40 


1,965 


995 

67 

426 

[ 

84 

0*20 


246 

96 

1715 

79 

>,356 

269 

0-25 


829 

258 

1756 

137 

>. 9 >S 

379 

0-22 


596 

940 

371 

80 

162 

32 

0*25 

[grain 2*0 
[straw 0-6 

1 grain 1*6 


98 

937 

3a 






448 






[straw 0*5 J 
[grain 1*8 
[straw 0*6 , 


472 








507 

3458 

5500 

278 

127 

2,456 

25 

486 

0*1 



102 

0*25 


m 

430 

1,540 

19,028^ 

2412 


23,728 

4,700 





307 

60,438 

11,973 


15,704 

32,761 




per cent. . 

,..100 j 

20 



26 

54 ' 


(for reasons stated in llic last Eeporl), with the exception of the grand totals. 

2i2 
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Table VII.- — BretorCs Sewage-^tann* 

Comparative Statement of Crops on Land and Land lying fallow on March 24, 
1872, and March 24, 1873 respectively. 


Plot 

• March 24 , 1872 . 

March 24 , 1873 . 

Acreage. 

Area in 
cro]). 

Area 

fallow. 

Acreage. 

Area in 
crop. 

Area 

fallow. 


acres. 

acres. 

acres. 

acres. 

acres. 

acres. 

A 

9-8 


9*8 

979 

9*79 



B 

12*1 

12*1 


12*12 

12*12 

• •• 

C 

2*0 


2*0 

1*97 

1*97 


D 

6-9 


6*9 

6-93 

693 


£ 

S-* 

2*2 

3-6 

5-76 

5*66 


IP 

3-82 


3 ‘ 8 i 

3*82 

1*48 

2*34 

O 

5-17 

1*88 

329 

5-17 

2*82 

2*35 

H 

6‘4 

6-4 


6-4 

6-5 


I 

6*67 

3*40 

3*27 

6*67 



667 

K 

4*03 


4*03 

4*44 

4*44 







New plot. 



L 




2*87 


2*87 

M 

3‘36 

3-36 


3*17 

3*17 


N 

4*15 

0*52 

363 

4*15 

4*15 


0 

5*92 


592 

5*92 

5*92 


P 

3*50 


3*50 

3*50 

3*50 


Q 

i*6o 


1*60 

2*34 

1*04 

1*0 


2*52 


2*52 

2*52 

•12 

2*40 

s 

0*33 


0*33 

0*22 

*22 


T 

0*34 


0*34 

Plot convertc 

id into a pig 

-run. 

U 

2*53 

2*53 


2*53 

2*53 


V 

4*48 

2*50 

1*98 

4*93 

2*93 

2*00 

w 

3*00 


3*00 

2*87 

2*87 


X 

3*86 


3*86 

3*86 

3*86 


Y 

5*60 

5-60 


5*6o 

5*6o 



103*88 

40*49 

63-39 

107*55 

87*62 

19*93 








A Statement showing the population in the Town Ward of Romford, with and without connexion with the main 

sewer running to Breton’s Farm. 
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1 

eC 

a 

r All connected except the 
\ 15 closets. 

r Including the Union 328 
[ inhabitants. 

r Being MarsliaUo Park, 

< Pethls Lane, and Rush 
t Green. 

Water-supply 


m 00 On 

oo tJ* CO 

SO 

VO 

O 

On 

•Xnudmoo 

oo t'. ^ 

cn 

'i* 

oo 

CO 

oo 

ro 

CO 

VO 

•s^uu^jiq 

-m{ui JO aaqiun^ 

oo M O 

ro M H- Os VN 

^ 1^ OO 

OQ 

OQ 

•peqoauuoD 

• : : ^ cn 

C4 

•po:^oouuo3 

o : • 

u-i *-♦ H : ; 

oo 

os 

OO 

Other closets. 

*p 0 }oauuoo 

‘ ^ oo VO 

. M o tn 

N 

CO 

•popaiiuoQ 

1 

NO o : ; : 

oo M . . . 

VO 

os 

Water closets. 

•pa^oouuoo 

• • ro o» 

. : r4 

On 

CO 

•pa^foouuoQ 

ro On 

ro ; ' I 

r» ... 

rt 

eo 

<V 

rn 

s 

O 

W 


o. • • M 

VO . . « 


•poidnooo 

•-•VO O O 

VO ►H ^ oo cn 

C7S •-' 

oo 

C4 

Detail. 

Fully connected 

Partly connected 

Slops only connected 

I Withont any connexion 

Without any connexion, that'\ 
stand on the outskirts of J- 
the Town Ward ) 

General Total 


(Signed) Hy. Cullem, May 4, 1873. 
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An Abstract of the Four lleports already presented to the Association by the 
Committee, Prepared for the Committee by Professor Cokfielb. 

In the following Abstract of the four Reports already presented to the 
Association by the Committee, I have thought it best to bring together the 
results of the Committee’s investigations under a few heads ; so that each 
division of the subject may appear in the Abstract complete in itself, and not 
split up into portions, as would have been the case had each Report been 
abstracted separately. 

I. Conservancy Plans, 

A series of Reports “ from foreign countries respecting the practices pre- 
vailing abroad for disposing of the refuse of towns, villages, public institutions, 
factories, dwellings, &c., and having reference to the sanitary condition of the 
districts in which they are situated, the state of rivers, or the support and 
increase of the produce of the soil,” was obtained by the Committee from Her 
Majesty’s Secretary of State for the Homo Department ; and from these it 
appeared ^^that in most cases (both in town and country idaccs) the use of 
privies is very general, water-closets being rare even in large towns, and 
that the usual method of dealing with human excreta is to allow them to 
collect in pits (Abtritisgruben, fosses), which are sometimes drained cither 
naturally by the permeable character of the soil, or artificially, so that most 
or all of the liquid portion of the contents of the pits flows away or infiltrates 
the surrounding soil.” (Report I. 1809, pp. 318-821.) 

Information was also obtained from 107 places in the United Kingdom, 
having an aggregate population of more than four millions. It was found 
that in 42 of these the ])rivy and ash-pit system was general, and in 25 
partial ; while in 71 places out of the 1 07 the liquid refuse of the town was 
discharged into the adjoining stream or river, and in two instances into pools 
of water. (Report I. p, 325.) 

In the Second Report tlie returns from 200 towns, “ recording the existing 
arrangements of water-supply, sewerage, scavengoring, and disposal of 
refuse,” are tabulated — tlic result being that there were 70 of these towns 
where privies very greatly exceed water-closets in number,” and 75 in which 

privies arc still much used.” (Report II. 1870, p. 53.) 

Rrivics, both in England and abroad, were found to be frequently built 
over rivers (Report I. pp. 318-321, and Report II. p. 59) ; and in some towns 
many houses are without any provision whatever for the removal of the 
excremental matters. 

It was found that in only two instances in England, and one in Scotland, 
was any profit derived from the sale of ashes and excretal and other 
solid refuse,” the losses of some towns being considerable (Report II. 
p. 55). The Committee specially investigated the ash-pit system as carried 
out at the town of Bury in Lancashire, for two reasons — because it is a 
town where it may be said there are no water-closets,” and because the 
almost total absence of water-closets ” would enable the Committee, by exa- 
mining the liquid escape into, and discharge from, the sewers, to judge whether 
any of the proposed methods of intercepting fiecal matter from the sewers 
(such, for instance, as the earth-closet) would in themselves bo either a solu- 
tion of the great sewage question, or even one considerable step towards it. 

It was found that the privy accommodation of the lower classes of houses 
was very insufficient — that the removal of the mixed night-soil was found to 
be difficult and expensive, so that the quantity obtained from the whole 
town only realized =£100 per annum — and that, in spite of the fact that so 
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much refuse matter was kept out of the sewers, the sewage during the greater 
part of the day was, as shown by chemical analysis, only a little weaker 
than that of a Water-closeted town usually is, while during the forenoon it 
was invariably very thick, black, and greasy,” and smelt very bad and 
the Subcommittee appointed to consider the matter reported, that although 
the sewage from a town managed on the Bury system is weaker, and there- 
fore less valuable, and proportionately more difficult to deal with than the 
sewage from a water- closeted town, yet that its purification is just as im- 
peratively necessary.” The Subcommittee considered that ‘Hhe figures 
obtained in Bury, of the ash-pit system as carried out there, prove that 
financially it is, so far as Bury is concerned, a total and complete failure, as 
the gross return is only a little over one halfpenny per head of the popula- 
tion annually.” 

In many towns, especially abroad, portable or fixed reservoirs (fosses) for 
the collection of excretal matters, unmixed with other substances, are in 
general use. Sometimes they are drained into sewers, and sometimes so 
constructed as fo collect both liquid and solid refuse, contrivances to 
separate the solid from the liquid excreta being sometimes employed. Those 
reservoirs are ^‘frequently ventilated by means of shafts rising above the 
house-tops.” The fixed reservoirs are emptied periodically, their contents 
either being “ simply dipped out,” or “ removed either by pumping into 
closed tank- carts with lift-pumjjs, or by means of a vacuum previously pro- 
duced in the tank-cart.” The portable reservoirs arc removed bodily with 
their contents, and replaced by empty ones. At some towns a profit is realized, 
while at others a loss is entailed ; but the communications received from 
foreign countries afforded “ abundant evidence that, wherever the subject has 
been considered, there is a strong though vague sense of the injury to 
health resulting from the accumulation of excretal materials in pits <fec. 
within populous districts, by the impregnation of the soil, by the pollution of 
rivers and well-water with drainage from such accumulations, or from the 
discharge of excretal materials into watercourses directly or indirectly.” 
(Report I. pp. 321 A 322.) 

Dri/ Earth System, 

In the 200 scheduled towns before referred to, only 44G earth-closets were 
reported to exist. The Committee inquired into the results of this system 
at several places, but only obtained a return from Lancaster, “ the only 
place where an attempt has been made to carry out the system on a largo 
scale,” where it appeared that the system was not thoroughly carried out, 
some of the essential conditions to its success being entirely neglected. Thus, 
instead of the dried earth being used in detail ^ “ a quantity of soil is thrown 
once a day on the matters collected ; and the result is that the product is 
removed in a very offensive condition.” When it is stated that about 2| lbs. 
of soil were used per head per day, and that the manure was afterwards 
mixed with other town refuse, it is not surprising that it only fetched 55. a 
ton, and that its analysis showed “ that it did not contain more nitrogen 
than good garden-mould,” and that, on being applied to grass land at the 
rate of about six tons per acre, “ the produce of hay was by no means large.” 

Dr. Gilbert conducted, on behalf of the Committee, some experiments with 
Moule’s earth system. The result showed that earth which had been used ev-eu 
three times in the closet could only be considered to be a rich garden-mould ; 
and the Committee remarked “ that such a manure, even if disposed of free 
pf charge, would bear carriage to a very short distance only.” 
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The following Table shows ‘the results of these analyses, as far as the 
nitrogen is concerned : — 



Before 

used. 

After using 
once. 

After using 
twice. 

After using 
three times. 

Percentage of nitrogen 1 
in soil dried at 100° C. J 

0073 

0-210 

0-383 

0 446 


While the Committee considered that any such system was impracticable 
for large populations, on account of the amount of earth that would be 
required to be carted in aud out daily, they added, “ It may readily be adr 
mitted that it would be a great advantage, in a sanitary point of view, in the 
cases of sick rooms, detached houses, or even villages, and that it might be 
even economical where the earth for preparation and absorption and the 
land for utilization arc in close proximity.” (Beport III. pp. 187 & 188, 
and Report lY. p. 143.) 

II. TY 'xier- Carnage System . 

This is only carried out in a few foreign towns (Report I. pp. 321-323). 
Of the 107 places reported on by the Committee in their First Report, there 
were only 11 without any system of sewerage at all; 48 were completely 
sewered, and 48 partially so. In 42 places water-closets were found to bo 
general, and in 25 adopted partially. In the 200 towns scheduled in the Second 
Report, there were 44 in which water-closets were found to be general, and 
75 in which they existed in considerable number ; but there were only 11 of 
these 200 towns also which were totally unprovided with sewers, and in 
which the liquid refuse of various sorts found its way into surface-streams 
or was absorbed by the subsoil — a sufficient proof that Conservancy plans do 
not get rid of the necessity of having sewerage arrangements in towns. 

As to water-supply, the sources appear to be exceedingly various. In 
the 200 scheduled towns there are 00 wholly dependent on a public or general 
supply, 22 on j)rivate sources only, and 88 partly on private sources in 
addition to a public suppl3^” The quantity supplied varied from 10 to GO 
gallons per head per day, a large number of towns having a supply varying 
from 20 to 30 gallons per head. Storm and surface-waters are, as a rule, 
received into the sewers; but sometimes, “where new systems of sewerage 
have been adopted, the old sewers are entirely devoted to the discharge of 
surface-waters ; in one instance special sewers arc appropriated to the same 
purpose, while in 11 other instances the old surface-channels are used.” 

It was found that in about 100 out of the 200 towns the sewers drained 
the subsoil. The 200 towns were arranged in three classes as follows ; — 

Towns, Population* 

I. Towns having a complete system of underground 
sewerage, a general water-supply, and a general 
adoption of water-closets discharging into the 


sewers 44 1,154,600 

*•^11. Towns having a system of underground sewer- 
age with water-supply, and only a partial 

adoption of water-closets 145 5,785,840 

III. Towns with no system of underground sewerage 11 218,800 

Total 200 7,159,240 


* In this class there aye some towns with as few as six water-closets only. 
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Only vague information was obtained about the ventilation of the sewers, 

owing to the fact that very few instances exist in which any thing has been 
systematically done.” The Committee in their First Eeport stated that this 
was a most important matter for consideration, and that it would be in the 
highest degree desirable to institute an inquiry into the nature of the 
gaseous emanations from the sewers in various places ” (Eeport I. p. 330). 
They consequently instituted some experiments, both chemical and microsco- 
pical, on air collected from some sewers in Paddington. Er. Eussell^s analyses 
showed that the carbonic acid varied from 0*12 to 0*51 per cent., and the 
oxygen from 20*7 to 20*91 per cent. ; while no combustible gases were detected, 
and only a trace of ammonia could be discovered in water through which a 
largo quantity of sewer air had been passed. The remark is made that 
‘‘ these experiments must be looked upon as simply tentative, but certainly 
indicate a purer air in these sewers than might have been anticipated.” Tho 
microscopical examination conducted by Mr. Cooke showed that the suspended 
substances which were collected by passing air through tubes containing 
plugs of cotton-wool were very various, and consisted of inorganic matters, 
a few starch-granules, and spores of various sizes, together with fragments of 
cellular tissue, woody fibre, fibrils of feathers, The general results, how- 
ever, indicated “ comparative freedom from organic bodies.” (Eeport II. 
pp. 72-75.) 

Tho Committee made a special investigation into the sewerage arrange- 
ments of the town of Cambridge, where water-closets are general, though 
not universal. Tho outlets of all tho sewers were found to be under tho 
level of the surface-water in the Cam, so that the sewage is backed up in 
the sewers for a considerable distance ; and the subsoil is constantly saturated 
with both water and sewage in tho lowest parts of the town.” As many of 
tho sewers are old and of irregular shape, much escape into the subsoil takes 
place. ‘‘ Inquiries were made into the state of some of the wells belonging 
to private houses, and it was found that they were all contaminated by 
sewage, owing to their pi’oximity to the sewers in the streets and to tho 
drains on the premises, so much so, that the water cannot be used for drink- 
ing but only for washing.” The remarks made on the subject by tho Sub- 
committee, consisting of Messrs. Grantham (Chairman), Corfield, Hope, and 
Williamson, finish as follows : — 

“ The chief general importance of the inquiry into the conditions of Cam- 
bridge is the proof thus obtained of the pollution of wells, and therefore of 
subsoil, by the agency ofi)revious street- or liousc-scv crs constructed in their 
vicinity ; and the Subcommittee desires .to give expression to the conviction 
forced upon it in tho course of its inquiries, that all sewers, properly so 
called (that is to say, drains into which refuse from human habitations is 
admitted), ought to be constructed of materials which are altogether imper- 
vious, and that a separate system of pervious drains, similar to agricultural 
drains, should be constructed where necessary to dry the subsoil. The Sub- 
committee is of opinion that the further construction of pervious sewers 
should bo prohibited by Parliamentary enactment.” (Eeport II. p. 61.) 

The amount of sewage discharged varied in the 200 towns scheduled, partly 
with the amount of the water-supply, and partly with the amount of surface 
or subsoil waters admitted into the sewers — the largest quantity being in the 
case of tbe town of Hertford, where the discharge per head per diem 
amounted to 257 gallons, the water-supply being only 61-1 gallons ; and the 
smallest, amounting to only six gallons per head per diem, being recorded in 
one or two instances. 
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Treatment of Seiuage. 

** Of the 189 towns and distriots having systems of sewerage, 143 discharge 
their sewage without any treatment whatever ; in 17 instances the sewage 
is simply filtered before discharge, in 7 instances it is chemically treated, 
and in 17 cases recourse is had to irrigation, whilst in 5 instances the 
system of disposal ineludes more than one of these methods.” By simple 
filtration ” is generally meant mere straining, a method obviously insufficient 
for the purification of sewage. 

Certain processes for precipitating the valuable materials contained in 
sewage were investigated by the Committee with the following results : — 

I. The Phosphate Process of Messrs. Eorbes and Price, which consists in the 
addition to the sewage of (a) a mixture of native phosphate of alumina and 
sulphuric acid, and (h) sufficient milk of lime to neutralize the sewage. The 
result was that during its passage through a large tank “the suspended 
matters were very completely deposited, and the supernatant water ran over 
the sloping edge of the tank at its extreme end bright and clear and almost 
odourless.” It was found that the water did not putrefy, even after the lapse 
of four months, that it contained only the merest trace of phosphoric acid, 
no sulphuretted hj’drogen, nor any nitrates nor nitrites, but that it contained 
“ as much actual ammonia as ordinary dilute London sewage, and also a certain 
“ amount of albumenoid ammonia.” The precipitate had no offensive smell. 
The valuable constituents of sewage, with the exception of the suspended 
matters and the phosphoric acid, are not precipitated by this process, and 
cannot be utilized unless the effluent water be afterwards used for irrigation, 
in wffiich case the milk of lime would not bo added, and the clarified sewage 
would still contain a quantity of phosphoric acid. 

“ The advantage of this use of it, if it were found to answer from an 
economical point of view, would bo the deodorization of the deposit in the 
tanks and of the sewage itself, which is cei’tainly at present a great deside- 
ratum, especially as regards the tanks.” (Eeport III. pp. 185-187.) 

II. WhitthreatVs Patent, — ^Experiment was made on 100 gallons of Bom- 
ford sewage with one pound of the mixture used in this process — a mixture 
which was stated to consist of dicalcic and monocalcic phosphate, two equi- 
valents of the former to one of the latter, a little milk of lime being after- 
wards added. The result was a very rapid precipitation, the supernatant 
water remaining nearly clear and quite inoffensive. The precipitate, dried 
at 100° C., contained as much as 3 per cent, of ammonia and a considerable 
quantity of phosphate of lime. The supernatant water contained rather 
more actual ammonia than the original sewage, but scarcely any organic 
nitrogen, showing that the organic matters in solution, as well as those in 
suspension, had been almost entirely removed by the process. This water con- 
tained, however, a considerable quantity of phosphoric acid, which would bo 
valuable if the water were afterwards used to irrigate land ; “ but, unless 
means are devised for separating it, it would constitute a serious loss if the 
water were thrown away.” It must be added that this was regarded merely 
as a preliminary experiment. 

III. General Scott's Process, — This was investigated at Ealing. It con- 
sists in the addition to the sewage, while in the sewers, of a mixture of lime 
and clay, in the proportion of about 10 cwt. of the former and 5 cwt. of 
the latter to 400,000 gallons of sewage. The result was a very complete 
precipitation of the suspended matters, which were collected in tanks, tho 
supernatant water being passed upwards through filter-beds, and discharged, 
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into the river. The sludge from the tanks is drawn off from time to time, 
partially dried by an hydraulic press, and then burnt in a kiln, no additional 
fuel being necessary after the fire is once started, as the dried sludge con- 
tains sufficient organic matter to burn the deposit. The result is the pro- 
duction of cement. It was found that the sewage was rendered inodorous 
while in the sewers, and that the whole process was inoffensive. 

The Committee considered that on the whole this process, when per- 
fected, promises well as a means of treating one of the difficulties of the 
sewage question — the disposal of the sludge precipitated from sewage. It 
appears not only possible to destroy the solid matters by fire, but also to 
secure some return from their use in the manufacture of cement.’^ 

They found, however, that the effluent water contained organic matters in 
solution as well as ammonia ; so that this process cannot be considered as suffi- 
cient of itself for the purification of sewage, nor for its utilization, but only as 
one for satisfactorily getting rid of the offensive sludge which otherwise accu- 
mulates in the tanks. 

Filtration, 

. Upward Filtration . — The process of upward filtration through gravel was 
examined at Ealing when (Tcneral Scott’s process was in abeyance, it was 
found that this process, whether accomi)aniod or not by the addition of a 
deodorizing mixture to the sewage in the sewers in the town, effected only 
a very slight purification of the sewage, which left the filter still a sewage of 
average strength. It was not even clarified.’’ Iliis observe^tion thus con- 
firmed the results of experiments previously carried out by the llivers’ Pol- 
lution Commissioners. 

Weards Process. — This process, which is employed at the Workhouse at 
Btoke-upon-Trent, where the water-supply is very scanty and the sewage 
consequently remarkably strong, consists in the filtration of the sewage 
through coarse ashes and charcoal contained in the tanks through which it 
passes successively. It apj)eared to be considerably purified ; but still the 
effiuent water after passing through the deodorizing tanks is described by 
Dr. Kussell as having a strong smell of sewage. It is also to bo observed 
that no nitrates were found in this water, thus showing that no oxidation 
had taken place. Erom the fact that the flow of effluent water was only 
about 2000 gallons as against 5000 gallons of sewage in the 24 hours, and 
ihat the chlorine was reduced to nearly half its original amount, the reduc- 
tion taking place almost entirely in the first or so-called ttccal tank, it would 
ai)pear that a considerable dilution must in some way have taken place, 
accompanied by a very considerable and unexplained escape, which amounted, 
even supposing there were no dilution, to three fifths of the total amount. 

Intermittent downivard Filtration. 

This process was examined at Troedyrhyw, near Merthyr Tidfyl, where an 
area of about 20 acres has been converted into a filter-bed for the purifica- 
tion of the sewage of the town of Merthyr Tidfyl. The soil consists chiefly 
of gravel and sand, having a vegetable-mould on the surface. It is extremely 
porous. The land is drained at a depth of less than 7 feet, the drains being 
brought together at the lowest corner, where the effluent water is discharged 
into an open drain leading to the river Taff, The area is laid out in square 
beds, intersected with roads and paths, along which are constructed the main 
carriers which receive the sewage from the outfaU-sewer, and distribute it 
over the beds?’ 
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The sewage, after being screened through a bed of slag,” in which the 
larger suspended matters are arrested, is turned on to one of the four plots 
into which the area is divided, and allowed to run on this plot for six hours, 
when it is turned on to another one. Thus each of these four plots has 
18 hours for rest and aeration of tho soil. The surface of the area is laid 
up in ridges, and cabbages and other vegetables planted along them, the 
sewage running in furrows between. 

The main results of the examinations which took place in January and in July, 
extending over seven and eight days respectively, were : — that the effluent 
water discharged was very largely diluted with subsoil-water which had per- 
colated through from the river-bed (this was proved both by the gaugings 
■ and by the analyses, and had been already observed by the Kivers’ Pollution 
Commissioners) ; that the effluent water was very satisfactorily purified, tho 
nitrogen in solution appearing in the form of nitrates and nitrites — a suffi- 
cient proof that a considerable amount of oxidation goes on in the filter-beds. 

Upon a comparison of the total nitrogen in solution in the sewage, in the 
effluent water, and in the subsoil-water (which was also analysed), it was 
found that the amount in the effluent water was almost exactly the amount 
that would be present in the sewage if diluted with the amount of subsoil- 
water (rather more than its own volume) with which the analyses and the 
gaugings showed it to have been diluted ; that is to say, that a quantity 
of nitrogen equal to the amount in solution in the sewage escaped in the 
effluent water, and was lost (escaping, however, almost entirely in the 
oxidized and innocuous form of nitrates, &c.), the amount retained in the soil 
and by the plants being, therefore, equal to the amount in the suspended 
matters of the sewage. The effluent water was not quite so pure in the 
summer as in the winter : in the former case four fifths, and in the latter 
twelve thirteenths of the nitrogen contained in it was in the form of nitrates 
and nitrites. 

The sewage was cooled by its percolation through the soil ; in the muter 
from 48° P. to 46° F, (the temperature of the subsoil-water being 42° E.), 
and in tho summer from 60° P. to 55° P. 

The crops grown on the surface of the filter-beds were successful, and 
realized very good prices. 

Irrigation, 

In the Pirst Report of the Committee a list of fifteen places where irriga- 
tion was practised was given, and a list of twelve more where it was con- 
templated ; and it was stated that the areas used for irrigation varied from 
0*4 of an acre to ten or twelve acres per thousand of the population, the 
distance of the land from the lowest outfall sewer of the town varying from 
100 yards to upwards of a mile. 

The general result was reported to be as follows : — ‘‘ At most places the 
application of the sewage to land has been found to exercise a most beneficial 
influence on the condition of tho streams and rivers receiving the drainage of 
the district.” 

Generally speaking no objections appear to have been made to tho applica- 
tion of sewage for irrigation; and where such objections have been urged on the 
ground that tho application was offensive and injurious, they do not appear to 
have been supported by medical authority, and in several instances they have 
ceased. As regards the sanitary condition of these districts, it appears that 
in most cases the application of sewage for irrigation has not been attended 
with any apparent change ; but there is said to be a marked improvement at 
Braintree.” 
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‘‘ It is probable that • . . the application of liquid sewage to land would 
jbeoome a source of revenue to towns only under specially favourable circum- 
stances, and that, in opposition to the opinions which have been somewhat 
hastily formed in certain cases, it will more frequently entail some amount 
of expenditure on the towns themselves. At the same time the benefit to 
land, and the improvement in the condition of rivers, to bo realized by the 
mode of dealing with liquid sewage, can scarcely be matter of doubt or uncer- 
tainty any longer.’’ 

Of the 200 towns tabulated in the Second Keport, 19 had recourse to irriga- 
tion either wholly or partially or in connexion with some precipitation pro- 
cess ; and in one case, that of Leamington, irrigation was intended, and has 
since been carried out. 

Owing to the fact that one of its members is the lessee of Breton’s Earm, 
near llomford, in Essex, the Committee has had the advantage of making 
continuous investigations of the results of irrigation with this particular farm 
for the past three years, results which are detailed in the Annual E-eports. 
Special investigations have also been made with the following results : — At 
the farms at Tunbridge Wells, where the sewage is applied to the surface of 
the land on the Catch- water Sj^stem, and where under-drainage has not been 
systematically carried out (the drains which alread}^ exist having, in fact, 
been brought up to the surface to empty into the carriers), the purification of 
the sewage cannot be said to be satisfactory ; for althougli a considerable 
dilution with subsoil-water takes place, the water which has passed over the 
land is still impure, and, moreover, contains scarcely any nitrates, thus 
showing that very little oxidizing action takes place. 

The same result was found at the Eeigate Earm at Earlswood, where the 
state of the cffiiicnt water was still more unsatisfactory ; in fact, in one 
instance, it was found that sewage which had passed over the fields was 
actually stronger, except as regards actual ammonia (i. e. it contained more 
of the total solids in solution with more nitrogenous organic matters), than it 
was after passing over only the first of these fields — thus showing that the 
ground was so saturated with sewage, that any additional sewage passed on 
to it could only concentrate itself by evaporation or by solution of matters 
in the upper layer of the soil.” (Eeport III. jjp. 181 to 185.) 

These farms were again inspected in the following year. It was found 
that the effluent water was running clear and free from smell. No analyses 
were, however, made at this time. The crops included oats, beans, and wheat, 
as well as meadow-grass and Italian rye-grass, and seemed to be in a satisfac- 
tory condition; but no general system of subsoil- drainage had been com- 
menced. A comparison was made in January 1871, during severe frost, of 
the results obtained in the purification of sewage at the three following 
farms : — Breton’s Earm, near llomford, Beddington Earm, Croydon, and 
Norwood Earm. It was found that in the latter two cases, where the sewage 
was passed over the land on the Catch-water System, it was not satisfactorily 
purified, the nitrogen escaping in the effluent water being only partially in 
the state of nitrates and nitrites ; while in Breton’s Earm, where the sewage 
passes through the soil, the farm being in effect a large filter-bed, “ (1) oxi- 
dation goes on in winter as well as in summer, and almost all nitrogen lost is 
lost in an oxidized and inoffensive form, and (2) this loss is very slightly 
greater in winter with a very strong sewage than in summer with a weaker 
one ; so that sewaging in the winter would appear to entail no extra loss of 
manure.” 

It was also observed that while in summer sewage is coolod by percola- 
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tloii tSiroRgh tlia soil, and almost always heated (sometimes considerably so) 
by surface-flow, as was observed both at Tunbridge Wells and at Earlswood (the 
temperature of the effluent water in the latter case being actually 5° E. higher 
than that of the sewage), in winter, on the other hand, the cooling which takes 
place is less with percolation through the soil than with surface-flow in 
both instances ; so that “ these results are favourable to percolation through 
the soil, as opposed to mere surface-flow, both in summer and winter. Per- 
colation causes a considerable cooling in the summer, while in winter it does 
not cool the effluent water so much as surface-flow does.” 

These results induced the Committee to make the following distinct state- 
ment in their 'Third Eeport, p. 185 : — “ It may seem almost superfluous for 
the Committee, after so many years of general experience throughout the 
country, to argue in favour of the subsoil drainage of naturally heavy or 
naturally wet land with impervious subsoil for purposes of ordinary agricul- 
ture ; but some persons have strongly and repeatedly called in question the 
necessity of draining land when irrigated with sewage ; and the two farms at 
Tunbridge Wells, to a great extent, and more especially the lleigate Parm at 
Earlswood, have been actually laid out for sewage-irrigation on what may bo 
called the ^ saturation principle ; ’ so that it appears to the Committee desi- 
rable to call attention to the fact, that if drainage is necessary where no 
water is artificially supplied to the soil, it cannot bo less necessary after an 
addition to the rainfall of 100 or 200 per cent. But a comparison of the 
analyses of different samples of effluent waters which have been taken by the 
Committee from open ditches into which effluent water was overflowing off 
saturated land, and from subsoil-drains into which effluent water was intermit- 
tently percolating through several feet of soil, suggests grave doubts whether 
effluent water ought ever to be permitted to escape before it has percolated 
through the soil.” 

At Breton’s Farm, where the sewage of the town of llomford, with a popu- 
lation of 6338 (a little more than two thirds of which only discharge their 
refuse into the sewers, the previous estimates having been all too high), is 
utilized upon 121 acres of land, there are special advantages for accurate in- 
vestigation. The soil, which was very poor, consisting in many parts almost 
entirely of gravel (as wiU be seen by the analysis already quoted from the 
Committee’s Second lleport), was laid out in rectangular beds on the Eidge- 
and-Purrow System, the “ beds ” or “lands,” each 30 feet in width, running at 
right angles to the main carriers which distribute the sewage. The sewage, 
when it arrives on the farm, is received in one of two tanks, where a deposit 
takes place and a scum forms on the surface. The liquid is run out between 
these into the pumping-well, and is raised by a pump “ to a height of about 
25 feet into iron troughs supported on wooden tressels, which convey the 
sewage to all parts of the farm, by discharging it either directly into the gut- 
ters or grips formed on the ridges of the ‘ lands,’ and out of which the 
sewage is distributed right and left down the slightly inclined slopes of the 
lands, or, in the first instance, [into concrete carriers, raised by earth banks 
to a height intermediate between the height of the iron troughs and the 
level of the ground.” (Eeport II. p. 62.) “About 85 acres of the farm, 
which are above the level of the tank, have been underdrained by pipe-drains 
50 yards apart, and from 5 to 6 feet in depth, in such a manner that the water 
from the drains can be discharged into the sewage-tank if required in dry 
weather, or at pleasure into the river Eom.” 

This arrangement afforded excellent opportunities for the gauging of the 
effluent water. 
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In the Second Report will be found a detailed account of the crops grown 
and the prices obtained. 

Some of the earliest experiments made by the Committee related to “ the 
capacity of earth laid out in beds of 30 feet wide for the absorption of liquid.^' 
Three different kinds of gauges were used, and a time was chosen “ when the 
land was in what may be considered an average state of moisture.” From 
these experiments it resulted that land in the state of moisture which 
existed on the 19th March [1870] and laid out in beds of 30 feet wide 
would only absorb, when consolidated, on the surface about 40 tons of 
liquid per acre, and when stirred to a depth of 9 inches on the previous day, 
about 90 to 110 tons per acre. By the word ^absorb’ is meant that no 
more than the above quantities could be applied without the formation of 
puddles at the sides of the beds.” (Report IT. p. 69.) It was considered 
that 400 tons per acre was probably the largest quantity that had ever 
been applied in any one dressing, and that the assumption that the first 
dressing all over the farm was at the rate of 400 tons per acre, the second at 
that of 200, and the subsequent ones at that of 100 was probably not far from 
the truth. 

In the Third Report, p. 175, will be found a summary of the results of the 
gaugings of the sewage and effluent water from June 12th, 1870, to July 15, 
1871 (a period of 399 days). It appears that the average quantity of sewage 
received from the town per day was 1029 tons, to which something must be 
added for night-sewage which was allowed to run on to the meadows between 
the farm and the town. After the 15th of April, when the new tanks were 
completed and all the sewage received on the farm, the total amount was 
found to be 1262| tons in the 24 hours, 621 1 tons of which came during the 
working day of ten hours, and the remaining 641 1 during the night of 14 
hours. These quantities, when computed for a day and night of 12 hours 
each, give day-sewage 729 tons, night-sewage 583|. 

The sewage as pumped contains a certain amount of effluent water that 
has been brought back into the tanks. The average amount of this diluted 
sewage pumped was 1182 tons per day. The effluent water discharged, as 
far as could be estimated, was about 513^ tons per day. The rainfall during 
the 399 days was 22*04 inches, equal to 2287 tons per acre. 

The experiments on the tem})eralurc of the sewage and effluent water are 
very important. The temperature of these liquids is very uniform when 
compared with that of the air, ‘‘ being lower during extreme heat, and higher 
during extreme cold.” “ The ranges and variation over the total period have 
been ; — 

Atmosphere- 28*5 to 76 = 47*5 F. 

Town-sewage 43 „ 66 = 23 

Sewage pumped .... 43 „ 67 = 24 

Effluent water 41 „ 64 = 23 ” 

In one week during a severe frost, when the mean noonday temperature 
was 28°*5 F., that of the sewage pumped and effluent water was 43° F.” 
(Report III. p. 176.) 

The Fourth Report gave- the results of the observations carried on from 
March 25, 1871, to March 24, 1872, both days inclusive ; and gave a more 
special account of the analyses of the sewage and effluent water during that 
period. The analyses were made of average samples — that is to say, of 
samples taken in proportion to the rate of flow of the sewage at the times as 
indicated by the gangings. 
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The general results were : — 

Sewage from the town 416,787 tons. 

Effluent water returned to the tanks .... 52,466 ,, 

Therefore Diluted sewage 469,253 „ 

Of which, Amount utilized 385,291 „ 

Amount merely filtered 83,962 „ 


As to the composition of the sewage and effluent water, the average amount 
of nitrogen for 100,000 tons in the diluted sewage pumped was 5*529 tons ; 
that in the effluent water 1-147. 

As the total amount of diluted sewage was . . . 380,277 tons, 

And the total effluent water 195,536 „ 

it follows that ‘‘ the proportion of nitrogen escaping in the effluent water to 
the total quantity applied is therefore *1067, or about one tenth.’’ 

An estimate was also made of the amount of nitrogen recovered in the 
crops ; the general result of the whole being that of 100 j^arts of nitrogen in 
the sewage pumped, 42 were recovered in the crops, 1 1 lost in the effluent 
water, and 47 not accounted for — that is to say, remaining in the soil or esca- 
ping into deeper subsoil- waters. (Sec accompanying lleport.) 

Some experiments were also made with the view of inquiring into the pos- 
sibility of the distribution of entozoic disease by means of sewage-irrigation. 
Some “ slime and mud ” from the bottom and sides of carriers at Earlswood 
Farm was examined by Mr. M. C. Cooke, who found that it contained life of 
various kinds, especially Annelida, but did not detect any entozoic larvce. 
The existence of this slime at the bottom of the carriers here was attributed 
by the Committee “ to the fact that the subsoil is kept in a saturated condition 
by the want of underdraiuing ; ” and they were of opinion “ that when land is 
thus saturated with sewage, certain atmospheric conditions exist which may be 
attended by malaria more or less injurious to health.” (Eeport III. p. 182.) 

Dr. Cob bold was requested by the Committee to examine, in conjunction 
with Professor Marshall and the writer, the carcass of an ox fed for two years 
on sewage-grown grass. It Avas found to be, as he reports, free from internal 
parasites of any kind. All the viscera, together AAuth portions of numerous 
muscles, with their associated areolar and aponeurotic coA^erings,” were 
carefully examined. He observed that the conditions were favourable to this 
result, inasmuch as (1) the grass &c. Avas cut and carried, and the animal was 
not grazed on the farm ; (2) the soil is very porous ; (3) mollusca, so often the 
intermediary bearers of entozoal larA^ce, Avere scarce ; (4) the only moUusks 
found (a species of Limncca) contained no cercarian larves ; (5) the ‘‘ flaky 
vegetable tufts collected from the sides of the furrows contained numerous 
active free Nematodes, but no ova of any true entozoon ; (6), the sewage pro- 
bably contained sufficient alcohol to destroy the larvae. The Committee agreed 
with aU these observations except the last. 

The absence of mollusca is most remarkable, and with it must be associ- 
ated the observations recorded by the Committee of the destruction of wire-^ 
worms &c. by the sewage. Thus a crop of American oats was seriously 
damaged and in danger of being destroyed by the ravages of the Osdnis vas- 
tutor, one of the smallest but most destructive of those grubs and wireworms 
which at times cause such injury to cereal crops in this country. Two heavy 
dressings of sewage Avere applied to this bed during two successive days, the 
result being that the grubs were entirely destroyed and the greater part of 
the crop saved. (Report II, p. 65.) 
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Again, at Tonbridge Wells “ it was stated that a large field of turnips, 
being infested with the fly, was flooded with sewage, which drowned the fly 
and saved the crop, which is expected to turn out well but rather late.^’ 

So far, then, as actual facts at present show, “ there is no evidence that 
entozoal forms of life are to be found on the farm at all in any stage of their 
existence, or in the flesh of an animal fed exclusively for 22 months on sewaged 
produce grown on the farm.” (Eeport III. p. 189.) As far as the sani- 
tary influence of sewage-farming is concerned, the Committee have returns 
from eight places where it is at work. In no instance has any disease what- 
ever been traced, either among the labourers on the farm or among the inha- 
bitants in the vicinity, or among the cattle, to the sewage-farm. In two 
instances it is reported that the health of the neighbourhood has improved, 
and in several that the land has very much improved in value, and the pro- 
duction of crops is much more certain. The note from Aldershot is, ** Sani- 
tary state of Camp and Barracks vastly improved. The land produces fair 
crops under sewage, which before produced nothing whatever.” 


Conclusions arrived at by the Committee. 

I. All conservancy plans, including midden-heap and cesspool systems, 
dry ash- and dry earth -closets, pail-closets, &c., are quite incompetent as so- 
lutions of the general question of the removal of the refuse matters of a 
population. 

Such plans deal with only a small part of the liquid manure ; towns which 
resort to one of them require, therefore, to be sewered, and the sewage re- 
quires to be purified. 

The manure produced is in aU cases (except in that of simple pails or tubs 
where no extraneous materials are added) poor, and will only bear the cost 
of carriage to a short distance, taking into consideration the cost of collection. 
That produced by the dry earth system is, even after the earth has been used 
four times over, but little better than a good garden-mould. Such plans, 
moreover, aU violate one of the most important of sanitary laws, which is 
that all refuse matters which are liable to become injurious to health 
should be removed instantly and be dealt with afterwards. With all 
these plans it is an obvious advantage on the score of economy to keep 
the refuse about the premises as long as possible ; and the use of deodorants 
of various sorts, or even of disinfectants, proves that this is the case, and that 
these systems all depend upon a fallacious principle. They should therefore 
be discouraged as much as possible, and only resorted to as temporary expe- 
dients, or with small populations under exceptional circumstances. 

II. The water-carriage system, on the other hand, is based upon a sound 
principle, that of removing all the refuse matters at once, and in the cheapest 
possible manner, by gravitation, and ought to be resorted to in all but the 
most exceptional cases. 

The opinion of the Committee, that all sewers should be made of impervious 
materials, and that separate drains to dry the subsoil should be constructed 
where necessary, has already been most emphatically expressed. 

The freest possible ventilation of sewers, house- drains, and soil-pipes, in 
order to prevent accumulations of foul air, is also essential. 

With regard to the utilization of sewage, the Committee has come to the 
conclusion that the precipitation-processes that it has examined are all in- 
1873. 2 G 
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competent, and necessarily i^o, to effect more than a separation of a small part 
of the valuable ingredients of sewage, and that only a partial purification is 
effected by them. Some of them may, however, be useful as methods of 
effecting a more rapid and complete separation of the sewage-sludge. 

The upward-filtration process only effects a clarification of the sewage, and 
is therefore no solution of the question. 

Weare’s charcoal-filtration process, as carried on at Stoke-upon -Trent 
Workhouse, did not give satisfactory results, the effluent water being in effect 
weak sewage ; an opportunity will, however, soon be given for an examina- 
tion of this process in a modified form on a much larger scale at Bradford, 
and under more favourable conditions. 

Intermittent downward filtration through soil has been shown at Merthyr 
Tydfil to afford a means of purifying the sewage under favourable conditions ; 
but it cannot bo said to be a method of utilization except to a very partial 
extent, as the investigations made by the Committee showed that the effluent 
water contained as much nitrogen as was originally in solution in the sewage, 
but mainly as nitric acid instead of as ammonia and organic nitrogen. There 
can be no doubt that the process would prove useful as an adjunct to irrigation, 
or where a sufficient amount of land for irrigation cannot conveniently be got. 

By properly conducted sewage-irrigation a solution is afforded to the ques- 
tion of sewage utilization ; it has already been stated that a precipitation- 
process, or some clarifying process, may be found useful. If such process, 
however, removes the phosphates from the sewage, it will, if employed for 
irrigation, require to be supplemented either by the use of the precipitate 
produced in the settling-tanks, or by that of some other manure supplying 
phosphoric acid. 

In all instances it is essential that the land should be well underdrained, 
and that the sewage should all pass through the soil and not merely over it ; 
otherwise, as has been shown, it will only occasionally be satisfactorily 
purified. 

The catchwator, or, as the Committee has termed it, the supersaturation 
principle, is not defensible either on agricultural, chemical, or sanitary 
principles. 

An irrigation -farm should therefore carry out intermittent downward fil- 
tration on a large scale, so that the sewage may be always thoroughly puri- 
fied, while at the same time the maximum of utilization is obtained. 

It is certain that all kinds of crops may be grown with sewage, so that the 
farmer can grow such as he can best sell ; nevertheless, the staple crops must 
be cattle-food, such as grass, roots &c., with occasional crops of kitchen vege- 
tables and of com. 

And it is also certain, from the analysis of the soil, that it becomes very 
much richer under sewage-irrigation, and that some of the manurial consti- 
tuents of the sewage accumulate in it. 

Cattle should be fed on the farm. The result would be a vast increase in 
the production of meat and milk, the great desiderata of the populations pro- 
ducing the sewage. 

Thus the system of farming must be specialized and capital concentrated, 
the absence of which conditions has proved a great barrier to the satisfactory 
practical solution of the sewage question. 

The Committee has not been able to trace any ill effects to the health of 
the persons living around sewage-farms, even when badly conducted ; nor is 
there any proof whatever that vegetables grown thereon are in any way in- 
ferior to those grown with other manure. On the contrary, there is plenty 
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of evidence that such vegetables are perfectly suited for the food of man and 
beast, and that the milk given by cows fed on sewaged grass is perfectly 
wholesome. To give a recent example, Mr. Dyke, Medical Officer of Health 
of Merthyr Tydfil, states that since the abundant supply of milk from the 
cows fed on irrigated grass the children's mortality has decreased from 48, 
50, and 52 per cent, of the total deaths to only 39 per cent., and that, so far 
from diarrhoea having been made more prevalent by the use of sewaged cab- 
bages, ^‘last year the Kegistrar-General called attention to the fact that 
diarrhoea was less prevalent in Merthyr than in any place in England and 
Wales and he expressed his belief in the perfect salubrity of the vegetable 
food so grown.” 

With regard to the assumption which has been made that entozoic diseases 
would be propagated by irrigation, all the evidence that the Committee has 
been able to collect, and more especially the positive facts obtained by expe- 
riments, are against such an idea ; and the Committee is of opinion that such 
diseases will certainly not be more readily propagated by sewage-irrigation 
than by the use of human refuse as manure in any other way, and probably 
less if the precaution be taken of not allowing the animals to graze, but always 
having the grass cut and carried to them. 


Report of the Committee for superintending the Monthly Reports of the 
Progress of Chemistry, consisting of Professor A. W. W illiamson, 
F.R,S., Professor Erankland, F.R.S,, and Professor Roscoe, 
FR,S. 

The Committee have much pleasure in reporting that, during this third 
year of their publication, the monthly reports of the progress of chemistry 
have given satisfactory evidence of increasing usefulness. Not only has 
their circulation in this country and abroad increased, but there is every 
reason to believe that they supply an important want to the progress of 
chemistry in this country, and will conduce to the advancement of the 
science. 

The thanks of the Association and of science generally are due to the 
gentlemen upon whom devolves the labour of making these abstracts, and of 
thus bringing to a focus the rays of light which emanate from the various 
places where chemistry is cultivated. 


On the Bradford Waterworks, By Charles Gott, M,Inst.C,E. 

[A communication ordered by the General Committee to be printed in extenso,'\ 

In 1854 the Bradford Corporation Waterworks Act ” was passed. Under 
the power of this Act the Corporation purchased all the existing works, and 
were charged with the duty of providing the supply of water for the borough 
and surrounding districts. 

At this time the old works supplied about half a million gallons of waterper 
diem, a quantity altogether inadequate for the necessities of the inhabitants. 

2o2 
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After obtaining their powers the Corporation put them into operation at 
once, and commenced the construction of the large system of works from 
which the town is now supplied. 

Some of the reserroirs, conduits, and other works which are to form parts 
of the same system are not yet completed. 

All the Bradford waterworks are gravitation works ; there are no pumping- 
engines or other means employed for raising water from streams or wells. 
The water is collected at such levels that it can be conveyed directly into the 
reservoirs for storage and supply. The sources of supply which are available 
are therefore more limited in extent than would be the case if the water was 
lifted from some lower level ; but, on the other hand, the water is more free 
from pollution and is softer and of better quality. 

No filtering of any kind is required ; the water is supplied directly from 
the reservoirs into the distributing mains. The reservoirs act as subsiding 
reservoirs, and are found to be quite sufficient to render the water clean and 
bright. 

The district of supply of the Bradford Waterworks is not confined to the 
borough, but includes thirty-four of the surrounding towns and places, viz. : — 


Addingham. 

Heaton. 

Adwalton. 

Hunds worth. 

AUerton. 

Idle. 

Apperley. 

Liversedge. 

Bingley. 

Morton. 

Birstal. 

North Bierley. 

Burnsal. 

Pudsey. 

Calverley. 

Queensbury. 

Clayton. 

Saltaire. 

Cleckheaton. 

Shelf. 

Denholme. 

Shipley. 

Draughton. 

Silsden. 

Driglinton. 

Thornton. 

Eccleshill. 

Tong. 

Parsley. 

Wike. 

Gildersome. 

Wilsden. 

Gomersal. 

Windhili. 


With an aggregate population at the present time of not less than 280,000. 

The levels of the district of supply vary greatly, viz. from 200 feet 
above the sea at Apperley to 1200 feet above the sea at Queensbury, making 
a difference of 1000 feet of elevation to be covered by the distribution of the 
water. The supply is given in two separate services, called the high-level 
service and the low-level service, the high-level service being again divided 
" and served by separate mains. All the places at a lower elevation than 500 
feet above the sea are included in the low-level, and all the places above that 
height are included in the high-level service. The pressure of water in some 
of the distributing mains rises to upwards of 200 lbs. on the square inch. 

The sources of supply for the low-level service lie to the north of Bradford 
in the valleys of the rivers Aire and Wharfe ; various streams and tributaries 
of these rivers are taken into the reservoirs and conduits. The principal 
streams taken are the Sand-bed beck, Halton-gill beck, Joy beck, Berry- 
ground beck, Gill beck, Howgill beck, Barden beck, Hethness Gill, and the 
Marchup beck in the valley of the river Wharfe, and the Fish beck, Holden 
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beck, Swartha beck, Clough beck, Spinner beck, and the Judith-Cliffe beck 
in the valley of the river Aire. These streams receive the water from a 
drainage area of 9770 acres, 7550 acres being in the Wharfe valley, and 
2220 acres in the Aire valley. 

The average rainfall on these gathering-grounds is about 36 inches per 
annum. 

There is no storage reservoir in the valley of the river Aire, so that that 
part of the gathering-ground cannot at present be fully utilized ; the daily 
flow of the streams only can be taken, and none of the winter flow can be 
collected for summer use. 

In the vaUey of the Wharfe there are two storage reservoirs, viz. the Barden 
reservoir and the Chelker reservoir. 

The sources of supply for the high-level service lie to the west of Bradford 
in the valleys of the Denholme beck and the river Worth, both tributaries of 
the river Aire. 

The principal streams taken are the Stubden beck and the Foreside beck 
in the Denholme valley, and the Bond Clough, Eag-Clough beck, Greenholes 
Clough, Hardncse Clough, Deep Dyke, Paul Clough, Sun- Hill Clough, 
Nan Scar beck, Holden Clough, Harden Clough, Stoney-Hill Clough, and 
Foster Dyke in the valley of the river Worth. None of the works in the 
Worth valley have been completed yet ; up to the present time the high-level 
supply has been drawn entirely from the Stubden and Foreside becks. The 
drainage-area of these streams is 2700 acres, viz. 900 acres in the Denholme 
valley, and 1800 acres in the Worth valley. 

The average rainfall is about 42 inches per annum, and the lowest level at 
which water is taken for supply is 1030 feet above the sea. 

Nearly the whole of the gathering-grounds from which the water for supply 
is drawn are high moor lands, above the reach of any pollution from populated 
districts ; they range in elevation from 600 feet to 1475 feet above the level 
of the sea. 

The total acreage of the drainage-area exclusively appropriated for the 
supply of the town is 13,000 acres, viz. : — 


Low Level, 


Wharfe valley 

Aire valley 

7550 

2220 

9,770 

Denholme valley . . . 
Worth valley 

Hiqh Level. 

900 

1800 

2,700 

Many Wells spring . , , 

Old Works. 

530 

Total Acreage . . 


13,000 


The water collected from these sources is conveyed to the town by means 
of covered stone conduits and large iron pipes. The length of the conduit 
from the Heaton-service reservoir at Bradford to the Barden reservoir is 
18 miles, and from the Barden reservoir to the Sand-bed beck at Burnsal, 
the most distant stream taken to the north, 4 miles. The length of the iron 
main from the Horton-Bank reservoir to the Stubden reservoir at Denholme 
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is 5 miles, and of the conduit from the Stubden reservoir to the Bond Clough 
at Haworth, the most distant stream taken to the west, 4 miles. 

The whole of the works so far mentioned are exclusively for collecting and 
supplying water for the use of the towns. 

Other reservoirs with separate drainage-areas have been made for collecting 
and supplying compensation water to the various mills and streams which are 
affected by the taking of the town supply^ — viz. the Gumwith reservoir at 
Hartlington for giving compensation water for that which is taken from the 
streams in the valley of the river Wharfe, the Silsden reservoir at Silsden for 
the low-level works in the valley of the river Aire, the Hewenden reservoir at 
Hewenden for the old supply of the Many Wells spring, the Doe-Park reservoir 
at Denholme for the high-level works in the Denholmo valley, and the Deeming 
and Leeshaw reservoirs at Oxenhopo (now in course of construction) for the 
streams to be taken in the valley of the river Worth. 

The extent, capacity, &c. of the several reservoirs are as follows, viz. : — 


Supply Reservoirs, 




Depth 

Length 

Greatest 

Area of 


Lord 

Name. 

Capacity. 

of water 
above 

ol 

embank- 

height of 
embank- 

water 

when 

Drain- 

age-area. 

above 
the sea. 



outlets. 

ment. 

ment. 

full. 

Low Level. 

gallons. 

feet 

yards. 

feet. 

acres. 

acres. 

feet. 

Barden reservoir 

440,000,000 

60 

750 

90 

60 

2610 

700 

Chelker reservoir .... 

250,000,000 

36 

3,33 

45 

56 

1290 

722 

„ „ _ (west) 

Heaton reservoir 



340 





(Service) 

31,000,000 

33 

360 

39 

84 


523 

High Level. 



Stubden reservoir .... 

85,000,000 

55 

190 

82 

11 

900 

1028 

Brayshaw reservoir . . 

57,000,000 

19 

1090 

38 

13 


975 

Old Wokks. 








Chcllow-Dean reservoir 
(upper) 

1 50,000,000 

44 

120 

55 

4 

Many 

Wells 

1691 

Do. (lower) 

J 




1 

spring. 

J 

28,000,000 

37 1 

90 

40 


530 

040 

Whetley-Hill reservoir 







(Service) 

2,050,000 

12 


18 

u 


518 



f) 


Compensation Beser- 

i 







VOIRS. 








Gumwith reservoir .... 

(534,000,000 

66 

233 

83 

94 

7000 

877 

Silsden reservoir .... 

230,000,000 

78 

187 

94 

25 

2000 

580 

Doe-Park reservoir . . 

110,000,000 

70,000,000 

52 

170 

00 

20 

1000 

850 

Hewenden reservoir . . 

35 

230 

48 

14 

1000 

687 


The total quantity of water, exclusive of compensation water, which the 
entire scheme will yield when the reservoirs and conduits now being made 
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are completed, is ten millions of gallons per day, a quantity equal to 36 gallons 
per head for the population of the district of supply. 

The sources of supply of these works would, however, if fully developed, 
yield more water than the quantity named; 700 acres of gathering-ground, 
on which there is a rainfall of 44 inches per annum, will peld one million 
gallons of water per day if a reservoir is made to contain 180 days’ supply. 
With a rainfall of 36 inches per annum, the drainage-area would require to 
be about 900 acres to give the same quantity of water per day. The quantity 
of water to be impounded, 180 days’ supply, 180,000,000 gallons, is equal 
to 11*4 inches in depth on 700 acres, and to 8*805 inches in depth on 900 
acres, about one fourth of the total rainfall in each case. These quantities 
may vary, however, to some extent with the character of the gathering- 
ground ; sometimes it happens that there are large springs within the drainage- 
area, whilst in other cases the ground may be so absorbent that part of the 
water may pass down to springs below the level of the works. 

The supply is also dependent upon the distribution of rain throughout the 
year ; if the rain falls in heavy floods with a long period of drought, so much 
of the fall cannot be utilized as during years when the rain is more equally 
distributed. 

In determining the value of any given area of gathering-ground after the 
average rainfall is ascertained, one fourth is to be taken off to arrive at the 
quantity for dry and exceptional years, one third of the remaining quantity 
is then to bo deducted for loss by evaporation, absorption, discoloured and 
turbid water, and unmanageable floods. These quantities show that only one 
half of the total average rainfall can be collected and used. These quantities 
and particulars, however, apply only to gravitation works in districts similar 
to those in which the Bradford works are situated. 

The Bradford reservoirs are formed in the manner usually adopted for large 
works — i, e, by embankments made across the valleys, such sites being almost 
the only practicable ones where reservoirs could bo made of sufficient size 
for the large quantities of water to be collected. 

The mode of construction adopted for such reservoirs is to make the em- 
bankments of earthwork, the earth being excavated from the site of the 
reservoir itself. In the middle of the embankment a vertical core or wall of 
puddle is made, to render it impervious. This puddle-core must be continued 
to such a depth that the water cannot pass under it ; and it must also be 
continued so far into the sides of the hills which form the valley, that the 
water cannot pass round the ends. 

The strata underlying the site of the reservoir are not always regular ; in 
some cases the bottoms of the valleys have been raised by drift many feet in 
thickness. It is necessary to find some stratum or some number of strata 
which together will make an impervious bottom, and which underlie nearly 
the whole of the site, and to continue the puddle- work of the embankment 
(by means of open-cut trenches) into them, so as to form a complete basin or 
inclosure within which the water is to be contained. . 

It is necessary in some cases to continue the puddle-trenches from the ends 
of the embankment up the sides of the vaUcy to some point where the dip of 
the measures brings the impervious stratum to the height required for the 
surface of the water when the reservoir is full : advantage is also to be taken 
of faults and dislocations in the natural strata ; in this district these faults 
are nearly always impervious, and they are sometimes of great service in 
reservoir works. 

In making the deep trenches for the puddle-work, it frequently happens 
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that springs of water are met with, and great difficulties are sometimes 
experienced in dealing with them. If the springs run in from the sides of 
the trench at a level above the stratum on which the puddle is to rest, they 
do not constitute any permanent difficulty ; the water may be pumped out of 
the trench whilst the work is in progress, and may be gradually turned back 
with the puddle, which is put into the trench as the work proceeds. If, 
however, a spring rises from the bottom of the trench, it cannot be disposed 
of in that way. It must be built round in some safe manner by concrete or 
stonework and collected, so that it can be brought up in an iron pipe in the 
work, or conveyed to one end of the puddle-trench and discharged at the 
surface of the ground clear of the embankment. Springs in the ground which 
is to form the bottom of the reservoir do not indicate that the site is not a 
good one, but generally the contrary ; and they sometimes show where the 
embankment can be placed with the greatest advantage. 

The existence of the springs may show that there is some impervious 
material lying across the valley somewhere below the line along which they 
issue ; and on this impervious material, and below the springs, it is probable 
the embankment may be most easily formed : at any rate, the springs show 
the line immediately above which it would not be desirable to place the 
embankment. 

The works for admitting streams into reservoirs arc of several kinds. In 
cases where the whole stream is taken, a pool or lodge is made by a dam 
placed across the stream at the head of the reservoir. This dam arrests the 
flow of the stream, and gives time for any solid matter carried on by the 
water to fall, and to a great extent saves the reservoir from being silted up ; 
the solid deposit is caught in the lodge, from which it can be easily removed. 
The size of the lodge can be regulated to suit the character and requirements 
of each case. 

In cases where turbid or coloured water is not to be taken, side channels 
for carrying floods past the reservoirs must be made ; and the usual mode of 
admitting the streams is by what are called leaping- weirs. This contrivance 
consists of a weir built across the stream, to stop the water and cause the 
water to flow over the conduit which is intended to receive it and carry it to 
the reservoir. The conduit intended to receive the water is built across the 
stream inside the weir, and a long narrow opening is made through the crest 
of weir along the top of the conduit. The weir on one side of this 
opening is made a step lower than it is on the other side, and the stream in 
passing has to fall down this step. When the quantity of the stream is small, 
it will run close over the edge of the step and fall through the narrow opening 
into the conduit below ; but when the stream is swollen and large, it will run 
with greater velocity, and vriU leap from the top of the step over the opening 
and pass away down its original course. 

The size of the opening can be adjusted so as to take any given quantity of 
water required from the stream. It is self-acting, so far as regards the 
passing of dangerous floods ; but it is not altogether so, so far as the rejection 
of turbid water is concerned. It does, however, make a selection of water to 
some extent, as it usually happens that when the water is most turbid and 
during sudden storms, the streams would be so much increased that they 
would overleap the opening through the weir, and so pass off without entering 
the works. 

Another mode of taking in streams and obtaining only clean water from 
them, is to construct a filtering-conduit under the bed of the stream to receive 
the water before it is admitted into the reservoir. These filtering-conduits 
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are formed by making an ordinary brick or stone channel a few feet below 
the level at which the stream is to be received. The channel is in section of 
the shape of a letter U ; over^he top open grating or stonework is placed, in 
such a manner as to allow water to flow freely through it. The ground at 
the sides of the channel is made solid and impervious up to the level of the 
side walls. Over the channel, and for any convenient breadth on both sides 
of it, broken stone, gravel, or other filtering media are placed, through which 
the water has to run before it can find its way into the conduit. In this way 
any solid matter can be caught and separated from the water, and the water 
can be obtained in the reservoir fit for immediate use. The water in the 
reservoir is not liable to be discoloured by any sudden flow of turbid water 
during heavy rains or thunder-storms, as the excess of water beyond the 
quantity which can pass through the :^ter will flow off down the side and 
waste channels made for the purpose. 

This mode of admitting water to conduits and reservoirs is entirely self- 
acting, does not require attention during storms, and the dirt on the filters 
will be carried away by floods or can be easily removed. 

The works for drawing water out of reservoirs are not without difliculties 
of their peculiar kind. The mode usually adopted is to make a tunnel or 
culvert through the embankment at the lowest level at which the water is 
required to be drawn ; and at the middle of this culvert, but a little within 
the puddle-core, to erect a strong shaft or well in which to place the valves 
for drawing off the water. The rods and apparatus for opening and shutting 
these valves are taken up the shaft to the top of the embankment. This mode 
of construction is attended with many difficulties, and often leads to breakage 
of the work, and to consequent leakage of water from the reservoir. This 
breakage arises from unequal settlement; for if the foundations of the shaft 
are made rigid and secure, the shaft itself stands, whilst the tunnel or culvert 
on both sides of it cannot be kept so rigidly in position, and fractures conse- 
quently take place, generally on both sides of the vertical shaft. The settle- 
ment under the embankment is also necessarily unequal, the middle and 
highest part being much heavier than the inner and outer parts. The 
settlement of the embankment is often both vertical and lateral, on account 
of the spreading of the foundation work of the embankment, which some- 
times tears the masonry asunder, and so increases the injury caused by 
the unequal settlement round the vertical valve-shaft. To avoid these 
difficulties, the tunnel or culvert is now frequently made in the solid ground 
at the side of the valley, some distance from the middle of the embankment, 
and where the disturbance caused by the unequal settlement is not likely 
to reach. 

When the water is drawn through these valves in the midst of the embank- 
ment, great vibration is caused by the force of the water passing out. This 
vibration is liable to increase the settlement of the heavier parts of the em- 
bankment for some considerable distance round the outlet works, especially 
when the substrata are of a compressible character, and may cause settlement 
of the work which would not otherwise occur. 

These difficulties have been provided against in some of the later Bradford 
waterworks by placing the outlet valves at the outside of the embankment, 
and conveying the water through the outer half of the culvert in an iron 
pipe. The vertical valve-shaft for the rods and apparatus for opening the 
valves are by this means rendered unnecessary, and the unequal settlement 
and injury caused by vibration are altogether avoided. This mode of con- 
struction has so far been found to work with advantage ; the valve and outlet 
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works are easily accessible for examination and repair, and are less costly 
than the mode previously described. 

Overflow and waste channels also require special attention in their con- 
struction, on account of the difficulty which is sometimes experienced of 
passing flood-water from sudden and unusual storms. 

The great height from which the water has to be conveyed renders it diffi- 
cult to deal with. The water has to be received above the reservoir, and 
conveyed down to the stream in the valley below, a height in some cases 
exceeding 100 feet. During this fall it attains considerable velocity, and 
passes with great force. 

The mode of construction which has been adopted in some cases is to form 
the waste channel in such a way that the water shall be let down by a series 
of short vertical falls, the bottom of the channel being so made as to give no 
increase of velocity to the water as it flows along. These falls are formed by 
walls built across the bottom of the channel, circular or otherwise, on plan, the 
tops of the walls being in every case higher than the bottom of the channel — the 
effect of these walls being that the velocity acquired by the water in passing 
one fall is not continued and increased at the next, the water held back by 
the wall forming a pool, which simply overflows at the fall next below. 
These pools have the further effect of protecting the stonework of the bottom 
of the channel from the force of the water falling upon it, and the water is 
made to receive its own force when passing along the work. 

The importance and value to Bradford of a supply of soft water is very 
great, a large proportion of the water being used far trade purposes, for 
washing wool, and for dyeing, &c., for which hard water would be of much 
less value. 

The town has had the benefit of a constant service at high pressure for 
some years past, and has become rather exacting and particular. 

The intermittent supply of many large towns would be altogether unsatis- 
factory here, after the constant supply under high pressure to which the 
inhabitants have become accustomed. 

A new use of water is gradually being introduced. The water is being 
taken direct from the street mains, and employed for working water- pressure 
engines. These engines are becoming numerous, and are likely to be exten- 
sively used for working warehouse cranes, and for many other purposes where 
only light work is required. They appear to have many advantages as com- 
pared with steam, where one or two horse-power at most is wanted : they 
are always ready for work, they require no special buildings or furnaces, 
they can be readily applied in any premises without structural alterations 
and without increasing the danger from fire, and are very simple and easy 
to work. 

The prices at which water is sold for trade are very low. It is sold by 
measure ; and the prices range from Is, down to 2d, per 1000 gallons. 

The v^ue of the waterworks to the town has been very great. The trade 
of the district could not have been developed to the same extent without 
them, and the whole of the property of the town is increased in value 
by them. 



ON INSTRUCTION IN ELEMENTARY GEOMETRY. * 


459 


Report of the Committee appointed to consider the possibility of Improv- 
ing the Methods of Instruction in Elementary Geometry, the 
Committee consisting of Professor Sylvester, Professor Cayley, 
Professor Hirst, Rev. Professor Bartholomew Price, Professor 
H, J. S. Smith, Dr. Spottiswoode, Mr. R. B. Hayward, Dr. 
Salmon, Rev. R. Townsend, Professor Puller, Professor Kelland, 
Mr. J. M. Wilson, and Professor Clifford [Secretary), 

Until recently the instruction in elementary geometry given in this country 
was exclusively based upon Simson’s modification of the text of Euclid. Of 
late years, however, attempts have been made to introduce other text-books, 
agreeing with the ancient elements in general plan, but diflPering from it in 
some important details of treatment. And, in particular, the Association for 
the Improvement of Geometrical Teaching having considered the whole 
question with great labour and deliberation, is engaged in the construction of 
a syllabus, part of which is already completed. The Committee had thus to 
consider, first, the question of the plurality of text-books ; secondly, certain 
general principles on which deviation from the ancient standard has been 
recommended ; and, thirdly, the Syllabus of the Geometrical Association. 

1. On the Plurality of Text-BooTcs, 

It has already been found that the practical difficulty of examination stands 
in the way of allowing to the geometrical teacher complete freedom in the 
methods of demonstration and in the order of the propositions. The difficulty 
of demonstrating a proposition depends upon the number of assumptions which 
it is allowable to start from ; and this depends upon the order in which the 
subject has been presented. When different text-books have been used, it 
thus becomes virtually impossible to set the same papers to aU the candidates ; 
and in this country at present teaching is guided so largely by the require- 
ments of examinations, that this circumstance opposes a serious barrier to in- 
dividual attempts at improvement. On the other hand, the Committee think 
that no single text-book which has yet been produced is fit to succeed Euclid 
in the position of authority ; and it docs not seem probable that a good book 
could be written by the joint action of selected individuals. It therefore 
seems advisable that the requisite uniformity and no more should be obtained 
by the publication of an authorized Syllabus, indicating the order of the pro- 
positions, and in some cases the general character of the demonstrations, but 
leaving the choice of the text-book perfectly free to the teacher ; and the 
Committee believe that the authorization of such a syllabus might properly 
come from the British Association. 

2. On some Principles of Improvement, 

The Committee recommend that the teaching of Practical Geometry should 
precede that of Theoretical Geometry, in order that the mind of the learner 
may first be familiarized with the facts of the science, and afterwards led to 
see their connexion. With this end the construction in practical geometry 
should be directed as much to the verification of theorems as to the solution 
of problems. 

It has been proposed to introduce what are called redundant axioms — that 
is to say, assumptions whose truth is apparently obvious, but which are not 
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independent of one another. For example, if the two assumptions were made 
that two straight lines cannot enclose a space, and that a straight line is the 
shortest distance between any two of its points. It appears to the Committee 
that it is not advisable to introduce redundant axioms, but that all the as- 
sumptions made should be necessary for demonstration of the propositions 
and independent of one another. 

It appears that the Principle of Superposition might advantageously be em- 
ployed with greater frequency in the demonstrations, and that an explicit 
recognition of it as an axiom or fundamental assumption should be made at 
the commencement. 

The Committee think also that it would be advisable to introduce explicitly 
certain definitions and principles of general logic, in order that the processes 
of simple conversion may not be confounded with geometrical methods. 

3. The Syllabus of the Oeometrical Association, 

The Association for the Improvement of Geometrical Teaching has issued 
(privately) a syllabus covering the ground of the first three books of Euclid 
and the doctrine of proportionals. The Committee are of opinion that this 
Syllabus is decidedly good so far as it goes, but they do not wish to make a 
detailed report upon it in its present incomplete state. When it is finished, 
however, they will be prepared to report fully upon the merit of its several 
parts, to make such suggestions for revision as may appear necessary, and to 
discuss the advisability of giving to it the authority of the British Association. 
For this purpose the Committee request that they may be reappointed. 


Interim Report of the Committee appointed for the purpose of making 

Experiments on Instruments fcrr Measuring the Speed of Ships, 

Your Committee have to report that, owing to the various engagements of 
the members, it has been possible to hold only one meeting during the past 
twelve months. 

At this meeting it was resolved to request the loan of instruments of 
each of the pressure and other logs to be experimented with, and also to 
endeavour to obtain the use of a vessel whereon to carry out the expe- 
riments. 

Your Committee have much pleasure in stating that three instruments 
have now been kindly placed at their disposal, as well as a steam-launch 
for conducting the experiments. 

Your Committee, if reappointed, trust that some actual results may be 
anticipated during the next twelve months. 

Ho expense has been incurred, and no part of the grant of £50 has 
been drawn. 
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Report of the Committee, consisting of Dr. Crum Brown, Mr. J. 
Dewar, Dr. Gladstone, Prof. A. W. Williamson, Sir W. Thom- 
son, and Prof. Tait, appointed for the purpose of Determinating 
High Temperatures by means of the Refrangihility of the Light 
evolved by Fluid or Solid Substances, Drawn up by James De- 
WAR, Reporter, 

It is well known that as the temperature of a solid is gradually increased, 
the refrangihility of the emitted light increases likewise ; and as the result 
we find red light emitted first, and gradually the other coloured rays appear 
until we reach the ultra-violet rays. This correlation between refrangihility 
and temperature was first experimentally proved hy Draper* ; and it would 
he a result of groat importance to determine accurately the law of growth 
of refrangihility with temperature. If this could he achieved, a very 
easily applied and accurate pyrometer could he made of the ordinary spec- 
troscope. 

There are various difficulties, however, that beset this investigation at the 
outset. First of all, the rapid growth of the new rays confines the observa- 
tions within narrow limits of temperature ; secondly, the want of equal 
sensibility of the eye for rays of all wave-lengths ; and, thirdly, the inter- 
ference of difi'used light preventing exact definition. It thus appears to be 
futile to attempt or even expect accurate observations in these circumstances 
through registration hy the human eye, although, on first considering the 
subject, it appears to he a very easy matter. Finding no means of overcoming 
these difficulties, unless hy the use of complicated apparatus, involving the 
use of rock-crystal prisms and lenses or fine gratings and the employment of 
photographic registration, requiring time and thought previous to execution, 
a series of observations have been made in the mean time on the increase of 
radiation with temperature, an inquiry of vital importance with regard to 
this subject. 

Becquerel, in his treatise on Light called ‘ La Lumiere,’ has detailed a great 
number of observations on the growth of luminous intensity with increasing 
temperature. From these experiments he infers that “ the differences between 
the logarithms of the luminous intensities are proportional to the differences 
of temperature,” proving that an exponential function of the form 

where I is the luminous intensity, T the temperature of the body, 0 the tem- 
perature at which the special ray begins to be evolved, a and 6 constants, and 
e the base of the logarithms adopted. The values of a and 6, as deduced from 
the experiment, for the red ray are respectively 0*00743 and 0*005014. The 
above formula gives equally the growth of total luminous intensity if we take 
0 as 500° C., that point at which the light-rays begin to be evolved, and a and 
h as now having the respective values of 0T2053 and 0*00764. From the 
last formula Becquerel gives the following values of the total luminous in- 
tensity of a solid substance at different temperatures, stating it is probable 
the above law does not hold above 1200° C. : — 


* Phil. Mag. 1847. 
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Temperature. 

916 (fusion of Ag) 
1000 

1037 (fusion of Au) 
1100 

1157 (fusion of Cu) 
1200 
1500 
2000 


Total luminous intensity. 

1 

4-37 

8-38 

25*41 

69*26 

146*92 

28900 

191,000,000 


From the similarity of these formulae with Dulong and Petit’s law of heat- 
radiation, Becquerel regards them as being confirmed by analogy. The de- 
terminations of the temperatures in his experiments were all deduced from the 
intensity of the thermoelectric current of a platinum-palladium junction, 
and the luminous intensities were determined by means of a photometer based 
on double refraction. 

The observations made in connexion with this Eeport on the increase of total 
luminous intensity have been conducted similarly to those detailed by Draper in 
the Philosophical Magazine for 1847. The apparatus has been modified so as 
to be more conveniently employed, and the experiments made were found on 
being tabulated to be very well expressed by the following empirical formula : — 

990+n46=n* I, 

where I is the luminous intensity, and 990-|-n46® is equal to the total tem- 
perature — ^that is to say, above the temperature of 1036° C., by which time 
all the luminous rays may be considered present ; the intensity is a parabolic 
function of the temperature. The curve of increase is therefore a very acute 
parabola. The diagram, p. 463, contains the curves of Becquerel, both for 
homogeneous rays and for white light, and also the curve given by the above 
formula. It is evident the rate of growth of the total luminous intensity is 
very much slower than that obtained by Becquerel. The curve resembles the 
rate of growth obtained from the homogeneous rays in his observations, although 
all his curves begin more slowly and finish with far greater rapidity. This 
doubtless depends on the thermometric degrees diminishing rapidly with 
higher temperatures, according to his plan of measurement ; but the great 
variation in the curves when taken, even for the same kind of ray, shows that 
little reliance can be placed on the results. 

As the observations on increase of luminosity above 1000° C. can only be 
carried on for a range of 500° C. with the expansion of platinum, it was very 
essential that some comparison between the results of the empirical law given 
above and actual observation should be made at higher temperatures. For 
this purpose, a series of observations were made as to the relative light-inten- 
sity of lime heated to a temperature of 2000° C. in the oxyhydrogen flame, 
and the same substance at the boiling-point of zinc, temperature 1040° C. 
The following plan was adopted in making observations : — ^A square pencil of 
lime, four or five millimetres on the side, and of a length of 50 millims., was 
supported horizontally, and the inner cone of a powerful oxyhydrogen flame 
was made to play on a smooth cross section of the pencil. The light emitted 
from this perpendicular surface had to pass through a small circular aperture 
into an adjoining dark chamber for the purpose of comparison with the light 
emitted from an equal surface of lime, the temperature of which was near the 
boiling-point of zinc. In order to get a temperature maintained near 1000° C., 
I have adopted the following method : — A piece of platinum of an equal surface 
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Carves of Luminous Intensity, 


A B 



A. Becquerel’s curve. Total luminous intensify. 

B. Author’s curve. Total luminous intensity. 

Thin and broken curves. Becquerel’s homogeneous rays. 


with that of the radiating lime, and of a thickness of 2 or 3 millims., was sup- 
ported by means of a platinum wire in the flame of a good Bunsen burner 
the position in the flame having been found by experiment to maintain the 
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iRass at near the temperature required. This latter fact was ascertained by 
finding the amount of heat the platinum emitted when thrown into a calori- 
meter containing a known quantity of water. As the amount of heat emitted 
was very small, special precautions had to be taken in guarding the calorimeter 
and in getting the mass of platinum transferred. The calorimeter, containing 
about 100 grammes of water, was floated in a cistern (having been pre- 
viously placed in the middle of a tin cylinder, leaving an annular space 
between), and so loaded that the water in the calorimeter was sunk to the 
level of the water in the cistern. The Bunsen burner was placed in a tin 
vessel loaded with shot, so as to give a flame the upper half of which was 
above the level of the water in the cistern. By this means constancy of 
temperature was maintained, and the results agreed closely together. It is 
easy to be convinced that a mass of platinum like that employed, radiating 
freely, is rarely heated above a temperature of 1100° or 1200° C. Compa- 
risons were made between platinum in the Bunsen burner and lime in the 
oxyhydrogen flame, and also between lime in both. 

The photometer employed for comparing the lights was on the principle of 
that recommended by Bunsen. A wooden box, about 8 inches long, 4 inches 
broad, and 3 inches deep, containing several diaphragms with circular aper- 
tures, thoroughly blackened in the interior, and having the aperture of the middle 
diaphragm covered with a piece of Swedish filter-paper, marked with one or 
two circular spots of paraffin, was employed to exclude extraneous light and 
to obtain good definition. By this means it is possible to obliterate com- 
pletely the spot of paraffin, and thus gain greater confidence in the results. 

From the mean of a great number of experiments made in this way, the 
luminous intensity at about 2000° C. is from 500 to 550 times that at 1040° C. 
The calculated amount given by the above formula for the exact temperature 
of 2000° C. is 484 times that at the lower temperature. According to the 
formula of Becquerel, it would be about 24,000,000 times that at the lower 
temperature. This empirical law, therefore, gives with considerable approxi- 
mation the luminous intensity up to a temperature of 2000° C. 

Total Radiation , — If the law of Dulong and Petit for the velocity of cooling 
was true for temperatures above the range of the actual observations made in 
support of the law, the amount of heat radiated per unit of time would be 
found by mifltiplying the velocity of cooling at the temperature considered 
into the specific heat at that temperature and into the weight of the substance. 
From this may also be calculated the amount radiated per unit of surface. 
In fact, for the same substance the relative quantities of heat evolved at two 
different temperatures would be to each other as the velocities of cooling if 
the specific heat and the emissive power remained constant. This would give 
an extraordinarily rapid rate to the growth of total radiation. For instance, 
taking the temperatures of 2000° C. and 700° C., we find, according to Dulong 
and PetiPs law, 




= 21,545, 


where a is the constant 1*0077. 

Thus a substance radiates at a temperature of 2000° C. 21,000 times as 
much heat per unit of time as it does at a temperature of 700° C. 

In order to compare the total radiation as given from the law of Dulong 
and Petit with that of actual experiment, a series of observations were made, 
and the total heat evolved registered by the use of PouillePs pyrheliometer. 
For this purpose, a spherical ball of lime, 8 millims. in diameter, was formed 
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by careful filing and polishing on the end of a narrow pencil of the same 
substance. This little knob of lime was then gradually heated, carefully 
turning it round, up to incipient fusion in the oxyhydrogen flame, so as to 
allow contraction to take place. With care in this way, it is possible to get 
a very uniform sphere having a surface of about one square centimetre. The 
pyrheliomoter was filled with bisulphide of carbon, for tho purpose of 
registering minute alterations of temperature. The experiments were made 
at two distinct temperatures, viz. at a low visible red heat and at tho 
maximum temperature of the oxyhydrogen flame. The moan of these 
experiments has given, for radiation per square centimetre per minute 
at about 700° C., from 20 to 25 gramme-units per minute, and at 2000° C. 
maximum temperature from 2000 to 2500 gramme-units — tho ratio of the 
amounts being as 1 to 100, very different from the calculated result. Tho 
law of Dulong and Petit, therefore, gives a far too rapid increase for the total 
radiation ; and if we assume tho law to be true in order to define temperature, 
the results arrived at are alwaj^s too low. 

If tho total amount of radiation at different temperatures is tabulated, 
using a thermoelectric pile and an apparatus similar to the one employed for 
light-intensities, it is found that the curve of increase may be very accurately 
represented by a parabolic curve. The empirical formula of this curve is 

580^ +n3 X = 

whore E is tho total radiation at GGS° C., and 580^0. -f m 3 x 4G° C. is equal 
to the temperature of the substance. If we calculate the total radiation from 
the above formula at 2000° C. as compared with that at 608° C., it is in the 
ratio of 1 to 112. llegarding these comparisons, they appear fairly within 
the limits of experimental errors. We would anticipate that a similar law 
would hold alike for heat-rays and light-rays. 

Assuming these laws to bo approximately correct, it is interesting to find 
what hypothetical temperature in the case of a solid or fluid substance would 
correspond with" the luminosity and total radiation from tho sun. 

Prom the experiments of Pizeau and Poucaiilt^, the luminous intensity of 
the sun is found to be 146 times that of the lime-liglit. A temperature of 
13,000° C., according to the formula given above, would give 144 times the 
luminous intensity at 2000° C. 

Prom the observations of Pouillet, the total radiation from 1 square centi- 
metre of the sun’s surface in 1 minute was 85,000 units, and cannot well 
exceed 100,000 units. At a temperature of 11,000° C., according to tho 
above formula for total radiation, the amount would bo 50 times that at 
2000° C. Now we have found above that a square centimetre of lime at 
2000° C. emits 2000 gramme-units per minute, so that a temperature of 
11,000° C. would be sufficient to evolve 100,000 gramme-units, as much 
heat as is produced by the sun. The recent observations of Soret (‘ Biblio- 
theque Universelle,’ 1872) prove that tho total radiation of tho sun is between 
50 and 60 times that of lime heated to 2000° C. in the oxyhydrogen flame. 
The estimate of 100,000 gramme-units per minute from the sun is therefore 
not too great, seeing that it is just 50 times tho amount actually emitted by 
observation at 2000° C. 

Experiments with Electric Arc , — The experiments formerly detailed to the 
Association on tho specific heat of carbon up to a temperature of 2000° C. 
naturally suggested tho attempt to define by observation the temperature of 

Ann. do Chim. et de Phys. 184 1. 
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the electric arc, hy determining the amount of heat evolved when pieces of 
carbon, heated between the poles, are thrown into a calorimeter. When a 
fifty-cell Bunsen^s battery is employed, it is found that 1 gramme of carbon 
evolves as a maximum 850 units of heat when cooled from the temperature 
it acquires between the poles of the battery. This quantity of heat only 
corresponds to a mean temperature of 2000° C. in the heated carbon when 
the great increase in the specific heat of carbon is taken into account. In 
the experiments made with the battery, no precaution was taken to prevent 
the cooling of the piece of carbon between the poles from radiation, and 
consequently the substance never attained a uniform temperature. This fact 
is easily proved on examining the appearance of the carbon after use, when 
the substance is only changed into graphite in a few points. That tempera- 
ture at which carbon changes into graphite may, in experiments of this kind, 
be used as a fixed point. 

The luminous intensity of the electric arc, according to Fizcau and Foucault, 
is from 34 to 56 times that of the lime-light when 4G cells arc employed, of 
small or large surface. According to the empirical formula previously given, 
this would correspond to a temperature of from 7000° C. to 8500° C. 

In the course of the experiments with the battery, several determinations 
of the total radiation were made by the pjTheliometer, The mean of the 
observations, which were remarkably constant, corresponds to a radiation of 
7100 gramme-units per minute, being equivalent to a solution of 4*5 grammes 
of zinc per minute. A concave parabolic mirror 1 yard in diameter, exposed 
perpendicularly to the sun’s rays in this country, concentrates as much radiant 
energy as a 50-cell Grove’s battery of large surface. 


On a Periodicity of Cyclones and Rainfall in connexion with the Sun- 
spot Periodicity. By Chaiiles Meldrui^^ 

[A communication ordered by the General Committee to be printed in extenso!\ 

At the Brighton Meeting (1872) it was stated that the cyclones of the Indian 
Ocean, between the Equator and lat. 25° S., were much more frequent in the 
maxima than in the minima sun-spot years. 

Since that time the subject has been more fully examined, and I now beg 
to present a Catalogue of all the cyclones known to have occurred in that 
part of the world during the last twenty-six years. The Tables given last 
year contained only cyclones of sufficient violence to dismast or otherwise 
disable vessels at sea, whereas the accompanying Catalogue gives all the 
cyclones of force 9 to 12 — that is, ‘^strong gale” to “hurricane.” 

The observations for the years 1847 to 1850 are probably not so complete 
as those for the subsequent years, during which the Meteorological Society of 
Mauritius made it a special duty to collect storm statistics. Still it is evident 
that not only the years 18G0 and 1872, but also the year 1848, were remark- 
able both for the number and violence of cyclones, while the years 1856 and 
1867 were quite the reverse. 

By taking the number of cyclones in each maximum and minimum sun-spot 
year and in each year on cither side of it, so as to form maxima and minima 
periods of three years each, we obtain the results given in the last column 
of the following Table, showing that during the maxima periods 1848 to 
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1850 and 1859 to 1861 the number of cyclones was 05, whereas in the 
minima periods 1855 to 1857 and 1366 to 1868 it was only 34, or littlo 
more than one half. In 1856 there was only one hurricane of small extent, 
and in 1867 no hurricane at all. Indeed it is doubtful whether several of 
the cyclones in the latter year, classed under ‘‘ storms,’^ should not have been 
classed under whole gales ’’ and “ strong gales.^^ 

The jN'iimbcr of Cyclones in each year, from 1847 to 1873. 



Years. 

Number of 
liurricancs. 

Number of 
storms 

Number of 
whole 
gales. 

Number of 

strong 

gales. 

Total 

number of 
eyelones. 

Number 

of 

cyclones 
in maxi- 
ma and 
minima 
pc'riods. 


1847. 

5 

0 

0 

0 

5 


f 

18^8. 

0 

2 

0 

0 




Max. < 

1849. 

3 

2 

o 

2 

10 


2G 

1 

1850. 

4 

3 

1 

0 

8 




1851. 

4 

o 

1 

0 

7 



1852. 

f) 

0 

3 

0 

8 



1853. 

1 

1 

5 

1 

8 



18,54. 

3 

1 

0 

0 

4 


f 

1855. 

3 

2 

0 

0 

5 



Min. i 

1850. 

1 

0 

o 

1 

4 


13 

1 

1857. 

2 

1 

1 

0 

4 




1858. , 

3 i 

1 

3 

2 

9 


fl 

1859, 

3 1 

2 

G 

4 

151 



Max. i 

1800. 1 

V ! 

4 

2 

0 

13 


39 

1 

1861. 1 

6 1 

2 

2 

2 

11 




1802. 

4 

2 

2 

2 

10 



1803. 

5 

G 

1 

1 

9 



1804. i 

2 

2 

1 

0 

5 



1805. 1 

2 

2 

3 

0 

7 


f 

1806. j 

1 

4 

2 

1 

8' 



Min. 

1807. ; 

0 

4 

2 

0 

6 


21 

1 

1808. 

3 

2 

2 

0 

7 J 




1809. 

3 

T 

3 

2 

9 



1870. 

2 

1 

5 

3 

11 


r 

1871. 

3 

1 2 

3 

3 

in 



Max. i 

1872. 

G 

5 

1 

1 

13 


3G 

1 

*1873. 

4 

5 

3 

0 

12 




* To 3l8t May. 


As during the last twenty-two years information respecting the cyclones 
of the Indian Ocean has been carefully and systematically collected and tabu- 
lated, 1 believe that the results now given are substantially correct ; and it 
seems to mo that they point to a close connexion between sun-spots, or 
solar cyclones, and terrestrial cyclones, or what might be called earth-spots 
by an observer on another planet. 

Most of the severest cyclones have been already traced, and the others will 
also be traced. When this shall have been done, an attempt will bo made to 
express numerically the amount of cyclonic area and cyclonic force for each 
year. The Catalogue gives little more than the number of cyclones ; but, from 
what is already known, there is little doubt that their extent and force were 
also far greater in the maxima than in the minima years. 

Being desirous pf extending the investigation as far back as possible, I have 

2 H 2 
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been examining lists of former hurricanes ; and it is interesting to find that 
the evidence from this source strongly corroborates the conclusions deduced 
from the observations of the last twenty- six years. From a Chronological 
Table’’ published in the Mauritius Almanac of 18G9, we obtain the following 
list of Mauritius hurricanes ; — 


Yoara. 

No. of 
liurricanes. 

Years. 

No of. 
hurricanes. 

1731 

1 

Bt. forward . . . . 

12 

1754 

1 

1818 

1 

1760 

1 

1819 

2 

1760 

1 

1824 

2 

1771 

1 

1828 

1 

1772 

1 

1829 

1 

1773 

1 

1834 

1 

1780 

1 

1830 

1 

1806 

1 

1844 

1 

1807 


1848 

1 

1815 

1 

1850 

1 


12 Total 24 

Probably the above list gives only the hurricanes that were remarkable 
from their destructive effects in the island ; and much stress should not be 
laid on observations taken at a single station. Nevertheless it is rather 
suggestive that out of the twenty-four hurricanes mentioned, seventeen fall 
within, or very nearly within, maxima sun-spot periods, and only seven within 
minima periods. Thus : — 


Maxima No. of Maxima 'No. of Minima No. of 

year.s. hurricanes. vears. hurricanes, years. hurricanes. 

1700 1 m. forward.. 9 1731 1 

1771 1 1818 1 ]754 1 

1772 1 1819 2 3 700 1 

1773 1 1828 1 3824 2 

1780 1 1829 1 1834 1 

1806 1 1830 1 1844 1 

1807 2 3848 3 — 

1815 1 1850 3 Total.... 7 

9 Total 17 


The same Chronological Table ” contains the following entries ; — « 

1760, December 1, Meteorological Phenomena.” 

1815, February 5, Meteorological Phenomena.” 

I have not been able to ascertain what these phenomena were ; but it is not 
improbable that they were auroral displays. The aurora of the 4th Feb- 
ruary, 1872, was described in some of the local newspapers as un 
nomme miteorologiqiie and we know that 1700 and 1810 were years of 
maximum auroral frequency. If, then, it be ascertained that the “ meteoro- 
logical phenomena” observed at Mauritius in 1700 and 1815 were aurorae, 
wc sliall have further evidence in favour of the theory of increased activity of 
the magnetical and meteorological elements in the maxima sun-spot years. 
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Baron Grant, in his ‘History of Mauritius’ (p, 194), regrets the destruction 
of tho woods near Port Louis, because, he says, the town was thereby “ ex- 
posed to the violence of the winds, as well as to tho heat of the sun ; ” and 
in a footnote it is remarked, “ these inconveniences, however, are fully 
counterbalanced, if it be true that the cessation of hurricanes since 1789 has 
been caused by the great diminution of the woods.” 

As the ‘History’ was published in or soon after 1801, it would appear 
that during the twelve years (1789 to 1801) no hurricane occurred in the 
island. 

Now since, according to tho Tables of sun-spot frequency, tho years 1788 
and 1804 were maxima 3 T-ars, and the intervening minimum occurred in 
1798, the theory would lead us to expect a comparative cessation of hur- 
ricanes during the i^criod mentioned. 

If time permitted I would adduce similar evidence respecting the hurri- 
canes of Bourbon (Reunion) and other parts of tho world. 

The hurricanes of the Indian Ocean arc well known to be attended with 
torrential rains. So much is this the case, that the popular belief at Mau- 
ritius is that cyclones arc the cause of our rains. Heavy rains over exten- 
sive areas arc certainly concomitant with cyclones in the Indian Ocean. It 
was therefore determined to examine whether there was also a rainfall perio- 
dicity. As far as the Mauritius observations went, the case was clear; 
but it was desirable to extend the investigation to other localities. The 
Queensland and South- Australian observations gave similar results; and as 
Adelaide is far beyond the limits of tropical cyclones, it was surmised that 
there might be a rainfall periodicity generally. The Cape of Good Hope 
observations wore afterwards found to support this view. The rainfalls of 
England and tho Continent of Europe were next examined, and also found 
to be in accordance with the h 3 q)othesis. 

It would occupy much more time than I can at present spare to enter 
fully into this question of rainfall pcriodicity^ With the help of researches 
on the same subject by Mr. Lockyer, Mr. 8} mens, and Dr. Jdinck, of Vienna, 
I have now exan^inod ninety-three tables of the rainfall for various parts 
of the world ; and I find that, with few exceptions, more rain has fallen 
in the maxima than in the minima sun-spot years. I beg to append a Table 
showing the general results for the different quarters of the globe. It will be 
seen that, as far as the investigation has gone, Europe, Africa, America, and 
Australia give very favourable results. Asia is represented by only three 
stations, one of which is Jerusalem, where the excess of rain in one minimum 
period exceeds the excess in the maxima periods for two stations in India. 
France is the only European country (the rainfall of which has been examined) 
that gives an unfavourable return ; but it must be remarked that we have 
os yet got only five stations in that country, most of which are inland, and 
that they may not fairly represent the whole country. 

By taking the longest possible series of observations for several stations 
spread over the globe, a periodicity comes out ; and there is, I think, very 
strong evidence that rainfall is subject to a secular variation, corresponding 
with tho sun-spot variation. 

Having given tho facts, as far as I have been enabled to do so, I abstain 
from making any theoretical remarks, beyond saying that if cyclone and rain- 
fall periodicities be fully established, a similar (direct) temperature periodi- 
city should also exist, and that sudden variations of solar heat and radiation 
may, by disturbing terrestrial magnetism, be the cause of an increase of 
auroroo and magnetic storms when sun-spots arc most numerous. 
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The numbers indicating the maximum force of the wind (9, 10, 11, 12) denote respectively, Strong Ga.le, Whole Gale, Storm, and Hurricane ; and it 
may be that a gale (9) was really part of a hurricane (12), the vessels which experienced it being considerably distant from the centre. 

The lowest observed readings of the barometer do not always show the actual lowest atmospheric pressure in the cyclones, but the lowest pressure 
noted in the log-books. Barometers are not unfrequently injured or broken during hurricanes, and sometimes no barometer at all is on board ; hence 
there' are blanks in the column of lowest barometer,” It must be remarked also that the observed (not the corrected) readings are given. 



Table showing the Eainfall over the Globe during Maxima and Minima Sun-spot periods of three years each, and the Excesses 

or Defects in the Maxima periods. 
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For these eleven stations the fall in 1856 is compared with that in 1859. 
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Fifth Report of the Committee appointed to investigate the Structure of 
Carboniferous-Limestone Corals, Drawn up by James Thomson^ 
Secretary, The Committee consists 0 / Professor Harkness, 

James Thomson, F,G,S,^ Dr. Duncan, F,R,S,, and Thomas 
Davidson, F,R,S, 

During the past year the Committee have continued their investigations with 
increased interest. Indeed the longer they continue their investigations in 
this branch of palceontology, the more they arc impressed with its importance ; 
and now that they can reproduce in facsimile the internal structures of fossil 
corals, they hope that the British Association will be convinced of the pro- 
priety of continuing these researches. 

Within the period embraced by the Beport upwards of 200 specimens have 
been sliced ; these are from a locality in Fifeshire, which had escaped our 
notice. Many of these specimens, in addition to confirming the discovery of 
new forms (noticed in a previous Beport), exhibit structural characteristics 
that warrant us in determining two (if not three) new genera. 

There are others figured this year in Plates^, upon which we at present 
hesitate to decide. They require careful comparison before wo can feel con- 
fident of the group in which they must be elass(^d. 

In the Beport of last year it was stated that the gradations of varieties are 
in some cases so constant, and the species pass so imperceptibly into each 
other, that we are induced to infer that there has been an inherent tendency 
in the polyp to vary independent of, but modified by, the conditions of its 
surroundings. It was also stated that it was our intention to figure these 
variations, so as to enable us to see what are the essential characteristics that 
distinguish the species. We have accordingly prepared six Plates and figured 
284 forms, showing in each case the internal structure. The external aspect 
is also represented when necessary. 

We have deferred to another occasion our treatment of such forms as^ 
Beaumontia, Alveolites, Favosites, &c. 8ome paleontologists have doubts as to 
whether several genera should be retained among the Bugose Corals, so that 
wo are the more induced to delay dealing with several forms belonging to 
this grouj) ; and we feel convinced that our futui’c researches will bring to 
light specimens simpler in organization, but imcscnting new facts whicB may 
cause considerable alteration in the classification of this group. It is better, 
therefore, to wait until these distinctive characteristics arc clearly brought 
out. Wo have, however, given in (what we provisionally call) Plate I. some 
forms which are closely allied to the above. 

Plate I. contains twenty-three figures of the genus Ampleoous, Ten of these 
forms have not been recorded before, whilst others are now for the first time 
recorded as occurring in British strata. These figures rci)rescnt the develop- 
ment of coralline life, passing from the simplest forms to the more complex 
structures of the genus, which passes by imperceptible gradations into the 
gCnus Zaphrentis, Prof. De Boninck finds a similar transition in the Moun- 
tain-Limestone Corals of Belgium belonging to this genus (Becherches sur lea 
Animaux Fossiles Belgique, prem. part. p. 81). 

Figs. 22, 23, 25, 26, 28, 30, 31, and 32 have not been represented before, 
and their structural characteristics are distinctly different from any of the 
forms that have hitherto been described. 

Plate II. contains sixty-six figures ; twenty-one of these are varieties of 

* The Plates referred to in this beport will be published by Mr. Thomson. 
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the genus Zaphrmtis, Figs* 8 and 27 represent a new genus ; they are from 
Fifeshire. Fig, 8 may possibly be determined as a distinct species. Fig. 7 
belongs to the same group, and will form another species. These forms are 
readily distinguished from all other corals belonging to this period by the 
granular costse. 

Fig. 26 is closely allied to the ^awx^Lophophyllum ; but it diifers in structural 
characteristics from the species described by Prof. M‘Coy in the ‘ Ann. of Nat. 
Hist.,’ 2nd series, vol. vii. p. 167, and in ‘ Brit. Paleeont. Fossils,’ p. 90, 1851. 

Figs. 23, 40, 42, and 43 are very much alike in external aspects ; and it is 
only from transverse sections that they can be determined as belonging to 
distinct species. The other forms figured in this Plate require careful com- 
parison before we can determine to what species or even genera they belong. 

Plate III. contains thirty-three figures, representing twelve varieties of the 
genus Zaphrentis, 

Fig. 1 is ZapJirentis Ennisldlleni ; and figs. 2, 3, 3 A, 3 B, and 3 C repre- 
sent the same coral cut into five difierent sections, to show the structural 
characteristics in the different stages of development. 

Fig. 5 is Zaphrentis Edivardsiana of De Koninck. Fig. 14 is Zaplirentis 
Querangeri, E. & H. 

The internal structures of the other forms upon this Plate have not been 
figured before, and therefore we deem it prudent to say nothing about them 
until they have been more carefully and closely examined. At some other 
time we may return to them. 

Plate IV. represents forty-three species. Figs. 1 to 6 represent varieties 
of Amphxus and Zaphrentis, Figs. 3 and 4 have a striking resemblance 
externally, but in internal structure they represent two distinct genera, viz. 
Amplexus and Zaphrentis ; and this fact confirms the statement made last 
year, that we cannot rely upon external aspects for purposes of specific 
identification. 

Figs. 14, 15, and 26 belong to the genus Lophophyllum, These three forms 
have characteristics sufficient to warrant us in classifying them as distinct 
varieties. 

Fig. 28 belongs to the same genus, but differs from the others in having 
two of the primary septa passing into nearly the centre of the calicular 
cavity, and terminating subreniformly at the inner extremity. 

Fig. 21 C is lleterophyllia LyeiVii^ nat. size. Fig, 21 is the same, magni- 
fied ; 21 A is a transverse, and 21 B a longitudinal section of the same. 

Fig. 36 is lleterophyllia grandis. This is the first time that this form has 
been recorded from Scotch strata. Fig. 36 A is a longitudinal section of the 
same, showing the internal structure. Figs. 36 B, 36 C, and 36 D are trans- 
verse sections, exhibiting structural characteristics at different stages of 
development. 

Fig, 37 is a new species of the same genus. 

Fig. 38 is Heterophyllia angulata, while figs. 38 A and 38 B represent 
the structures in longitudinal and transverse sections. 

Figs. 39, 39 A, and 39 B have well-marked specific distinctions. They 
must represent forms which differ from the other species of this genus. The 
septal arrangement is quite distinctive. It is certainly a new species. We 
propose to name it lleterophyllia PhilUpsii, 

Fig. 40 represents the external aspects of Heterophyllia mirahilis^ nat. 
size. This is the typical specimen that Dr. Duncan described in the ‘Trans- 
actions of the Boyal Society’ (1867, p. 643). Fig. 40 B is the same, magni- 
fied. This species is distinguished from the other species by a series of 
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curbed spines which are attached to the crown of the costce. They are 
round, and attached to the costae by a broad, expanded base. The “ ball- 
and-socket ” process alluded to by Dr. Duncan we have failed to discover. 
Fig. 40 C is a transverse section of the same, nat. size. 

Figs. 7, 9, 10, 11, 13, 16, 17, 18, 23, 24, 25, 27, 29, 30, 32, 33, 34, and 
35 exhibit structural characteristics hitherto unnoticed. Several of these 
forms may be seen in many of our museums and private collections named 
as Ci/athropsis and Zaphrentls ; but in structure they have no characteristics 
common to cither of these genera. 

Figs. 21, 38, 40, 41, 42, and 43 are typical specimens of Htieropliylliay 
described by Dr. Duncan in the ‘ Transactions of the Eoyal Society ’ for 
1867. 

Plate V. contains six varieties of genus CUsiopliyllum, 

Fig. 1 represents the external aspect of CJisiophyllum Keyserlingl, This 
species is distinguished by the lamellae curving round, and ascending to 
the crown of the large conical boss that fills up the centre of the calicular 
cavity. Fig. 1 A is a transverse section of the same. Fig. 1 B exhibits a 
longitudinal section, with the columellarian line passing down the centre 
of the coral. 

Figs. 3, 3 A, 3 B, and 3 C belong to the same species, and represent the 
structures from the earliest to the mature state of development in any 
normal specimen. 

Fig. 6 is a transverse section of the largest specimen of the same that has 
come under our observation. 

Figs. 2, 4, and 5 are closely allied species, if not varieties. 

Figs. 9, 11, 12, and 13 are distinct species, and illustrate a previous 
observation, viz. that specific identification cannot rest on the mere num- 
ber of the lamella) filling up the columellarian space in the centre of the 
calice. 

Fig. 12 A is 15 lines in diameter, and has twenty-seven lamella). 

Fig. 11 is only 6 lines in diameter, and has thirty-seven lamella) filling up 
and forming the conical boss in the centre of the calico. 

Figs. 7, 8, and 10 arc distinct genera. These forms, before being cut, 
were classified as genus Clisiophyllum ; but the transverse sections present 
no characteristics in common with that genus. They belong to a genus 
quite distinct, and as yet unnamed. 

Plate VI. contains representations of three species of LonsdaUla, 

Fig. 1 represents a longitudinal section of LonsdalUa rnyom. Figs. 1 B 
and 1 C exhibit the young corallites in their different stages of development. 

Fig. 2 is a transverse section of the same species. In this section we have 
delineated the growth from the ovular germ through the different stages of 
development to the mature coral. In one stage the embryo coral is seen 
passing from the intcrsepfal locula ; in another it is seen semicircular in 
outline, and just outside the epitheca. In some it is circular in outline, 
whilst others exhibit the full development of the septa. Fig. 2 A is the 
same species, enlarged six diameters. 

Fig. 3 represents Lonsdcdlia diipUcata, 

Fig. 4 A is one of the corallites enlarged, with a young corallite attached 
to the epitheca, exhibiting the development of the primary septa, which, in 
the maturer forms, is seen to fill up the columellarian space. 

It will thus be seen that we wish to avail ourselves of every fact, and to 
delineate the most delicate structures. To accomplish the latter, our peculiar 
process is well suited. We may thus assist the student and beginner in 
1873. 2 1 
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identifying specimens j but may also check the superficial and hasty 
generalization and classification of the more advanced. 

In regard to the stratigraphical distribution and duration in time of these 
forms, we must meantime remain silent ; but by-and-by these will be duly 
recorded. 


Report of the Committee^ consisting of Colonel Lane Fox, Dr, Beddoe, 
Mr. Franks, Mr. Francis Galton, Mr, E. W. Brarrook, Sir J. 
Lubbock, Sir Walter Elliot, Mr. Clements 11. Markham, 
and Mr. E. B. Tylor, appointed for the purpose of prepai'ing and 
publishing brief forms of Instructions for Travellers, Ethnologists, and 
other Anthropological Observers, Drawn up by Colonel A. II. Lane 
Fox, 

Shortly after the last Meeting of the Association I received an intimation 
from the Geographical Society that two expeditions were about to start in 
search of Dr. Livingstone — the one under Lieut. W. J. Grandy, ll.lSi., by the 
Congo river, and the other, under Lieut. Cameron, from the East Coast — and 
requesting that anthropological instructions might be furnished to those 
officers for their guidance. As not more than a week’s notice was given me 
of the departure of these expeditions, and it appeared desirable that each 
party should be provided with printed instructions, I wrote at once to several 
members of the Committee, requesting them to send me a series of questions 
for the use of the travellers ; and the following gentlemen having responded 
to my a])peal without delay, I caused their contributions to be printed in a 
small volume having blank leaves for memorandums and answers to the 
questions, each of which was numbered ; and a sufficient number were fur- 
nished to the officers commanding each expedition, who were requested to 
distribute them on the coast to Her Majesty’s Consuls, officers of the 
Koyal N’avy, and others who might be in a position to use them, or to place 
them in the hands of other travellers who might set out on expeditions 
towards the interior from time to time. 

The following Members of the Committee were contributors to this volume, 
viz. A. W. Franks, Esq,, on General Anthropology; Prof. Eolleston, F.ll.S., 
on Physical Anthropology ; Dr. Beddoe, F.li.S., on Physical Anthropology ; 
E. B. Tylor, F.li.8., on lleligions, Mythology, and Customs ; Colonel A. H. 
Lane Fox on the Use of Iron in Africa, and on Prehistoric Archeology. 

I enclose a copy of these instructions for the information of the General 
Committee. 

Although these instructions have been the means of carrying out to a 
great extent the wishes of the Council of the Association in appointing the 
Committee, and it was important that the opportunity afforded by the start- 
ing of these expeditions should not be lost, yet as the instructions were 
drawn tip solely with a view to African exploration, and a certain amount of 
repetition was apparent in the volume, owing to the hurried manner in 
which it was drawn up and printed, so as to be in time for the travellers 
before starting, it did not appear to me to meet as fully as could be desired 
the intentions of the General Committee in placing a grant of £25 at our 
disposal, such grant having been intended for the information of travellers 
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in general rather than for the nse of travellers in any one quarter of the 
globe, I have therefore defrayed the cost of printing at my own expense, 
and the amount has been made up to me by copies purchased by the Geo- 
graphical Society, the Anthropological Institute, and by Mr. Franks. This 
volume, therefore, although issued under the auspices and with the approval 
of the Committee, will not be charged to the Association. 

The Committee for drawing up General Instructions for Travellers ” met 
on the 21st of November, 1872, when the following resolutions were passed : — • 

1. That the work to be published by the Committee shall consist ot 
numbered sections, each section being prefaced by a few linos of explanatory 
notes and followed by questions. 

2, That the notes and questions shall be expressed as briefly as possible. 

3, That the Secretary be requested to draw up the headings of about 100 
sections, and submit them to the Committee at their next meeting. 

4. That the Secretary be requested to draw up a specimen section or 
sections upon half margin, and circulate them amongst the Members of the 
Committee for their remarks previously to the next meeting of the Com- 
mittee. 

5, That the title of the work shall be Notes and ftucries on Anthropology 
for the use of Travellers and Kesidents in uncivilized lands.’’ 

6. That M. llroca’s chromatic tables bo adopted ; and that Dr. Beddoe bo 
requested to communicate with him for the purpose of ascertaining in what 
manner they can be most economically reproduced in this country. 

Acting upon these resolutions I drew up a list of 100 sections, which, 
having been circulated amongst the members for their remarks, have been 
printed in their approved form and arc herewith annexed, together with the 
names of some of the authors to whom the sections have been submitted for 
detailed questions. Two specimen sections have also been circulated, and 
have been approved by the Committee. 

Owing to the large number of contributors there lias been some delay in 
collecting the contributions of the several authors. The sections have, 
however, now been completed continuously up to No, XLII., and some of 
the later ones have also been received ; these sections are now in manuseiipt 
ready for printing. The sections have been divided into tlirec parts, — 
Part I. relating to the Constitution of Man, Part II. to Culture, and Part 
III. to Miscellaneous Questions relating to Anthropology. The List of Sec-* 
tions will form an index to the volume ; and for convenience of reference 
the sections have been numbered in Homan figures, the questions in italics. 
Each section has been submitted to some writer who is known to have 
devoted bis special attention to the subject referred to him, and, as far as 
possible, the best known authorities have been selected. 

The cost of printing the part already in type amounts to .£3 ; that of 
tho MS. already in hand has been estimated at £10, 

The probable cost of the wLole work, including illustrations and the chro- 
matic tables, will bo about £50. 

Viewing the importance of the contributions already received and the scien- 
tific status of tho contributors, and considering that the work is exhaustive 
of its subject and calculated to suffice for the use of travellers for some time, 
to come, I would suggest, on behalf of the Committee, that the grant of 
£25 voted at the last Meeting he renewed, aiid £25 added to complete 
work. The volume may then he published without delay. 

It may be estimated that the sale of copieo will cover a portion of the 
expenses. 


2t2 



484f 


REPORT — 1873. 


List of S3ctlon8 into which the Notes and Queries on Anthropology are divided, 
with a Summary of the Subjects included in each Section, 

Part I. — CoNSTiTUTioK OF Mak. 

I« Measuring Instruments. — A description of the instruments of 
precision required for the measurements of the body or in testing its func- 
tions. Dr, Beddoe. 

H. Form and Size. — Instructions for measuring and describing the 
form of the body in living subjects, as also skeletons and skulls. Instructions 
for estimating the relative size of the parts of the body in individuals of dif- 
ferent races as well as of the same race living in different climates or under 
different conditions, and the best order of making a table of results and of 
determining averages. Dr. Beddoe. 

m. Anatomy and Physiology. — Questions relating to the soft parts 
of the body, organs, muscles, circulation, respiration, temperature, nerves, 
tissues, &c. Dr. Beddoe. 

rV. Development and Decay. — Delating to the periods of growth 
and development of the body, length of life, child-bearing, puberty, menstrua- 
tion, dentition, decay, growing grey, death-rate, birth-rate. Dr. Beddoe. 

V* Hair. — Delating to the texture and qualities of the hair. Dr. Beddoe. 

VI. Colour. — Questions as to the colour of the skin, hair, and eyes, with 
directions for the use of M. Broca’s tables, which will be included in this 
section. Dr. Beddoe. 

Vn. Odour. — Delating to the peculiar smell of the body of different 
races, whether natural and constitutional, or merely the result of filth. 

, Dr, Beddoe. 

Vm. Motions. — ^Muscular peculiarities, such as the power of moving 
the ears, scalp, use of toes in holding objects, agility, climbing. Dr. Beddoe. 

IX. Physiognomy. — Questions as to the expression of the countenance, 

natural gestures, blushing, &c., wuth instructions for taking the form of fea- 
tures. Sec also No. XC VIII. Casts. C. Darwin. 

X. Pathology. — Diseases, as well as alterations of the powers produced 

by mode of life, use, disuse, climate, &c, ; recuperative powers, healing of 
wounds. Dr. Beddoe. 

XI. Abnormalities. — Natural deformities, such as steatopyga, albinism, 

erythrism, Ac., not including Deformations, which come under the second 
part — Culture. Dr. Beddoe. 

Xn. Physical Powers. — Instructions for testing strength; speed, en- 
durance. Dr. Beddoe, 

Xin. Senses. — Instructions for testing the powers of the senses — sight, 
hearing, sense of smell, touch, &c. Dr. Beddoe. 

XIV. Heredity . — Inheritance of qualities, both physical and mental. 

P. Galton and Dr. Beddoe. 

XV. Crosses. — Fertility and character of half-breeds, shades of colour 

and other peculiarities produced by crossing, continuance of fertility in de- 
scendants. Dr. Beddoe. 

^ XVI. Reproduction. — Numbers of family, numbers at birth, propor- 
tion of sexes, &c. Dr. Beddoe. 

XVn. Psychology. — Quickness of perception, power of reasoning, 
caniing, generalizing, memory, perseverance. Dr. Beddoe. 
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Part II. — Culture. 

Xym. History. — Known facts regarding the history of races, name 
by which they call themselves, their migrations, their traditions concerning 
themselves, and mode of recording past events. E. B. Tyloe. 

X1X« Archaeology. — Inquiries into the monuments and other relics of 
a past age, with the ideas of the people concerning them. Col. Lake Eox. 

XX. JEStjonology. — Information obtainable from the derivation of words, 

names of places, rivers, &c, E. B. Tylor. 

XXI. Astronomy. — Knowledge of the people concerning it. Division 
of time. Karnes of the stars, with their meanings. Astrology. E. Galton. 

XXII. Arithmetic. — Extent and knowledge of numbers. Method of 

notation by fives, tens, twenties, &c. Analysis of compound numerals. Karnes 
of numbers. E. B. Tyloe. 

XXIII. Medicine. — Knowledge of simples and medical remedies. 
Superstitions connected with the healing art. Charms and ceremonies used 
in sickness. Sanatory measures. Treatment of sick. Dr. Baekard Davis. 

XXIV. Food. — Articles used as food ; mode of cooking. Manufacture 

of wine, beer, &c. Quantity eaten. Comparison of native dietary with law 
of diet. A. W. Erakks. 

XXV. Cannibalism. — Its causes, frequency, motives for, and circum- 
stances under which it either is or has been practised. A. W. Erakks. 

XXVI. Narcotics. — Use of tobacco, snuff, hemp, Siberian mushroom, 
betel, coca, &c. ; forms of pipes and snuff-cases, ceremonies and practices 
connected therewith ; eficcts, purposes for w’hich used, &c. A. W. Erakks. 

XXVII. Crimes. — Acts regarded as criminal, whether against person, 
property, or religion, stranger, slave, or chief, &c., and the reasons why they 
are so regarded. E. W. Brabrook. 

XX Vm. Morals. — Acts recognized as right and wrong in family and 
public life ; chastit)^ honesty, sobriety, truthfulness, &c. E. B. Tyloe. 

XXIX. Fetishes. — Description and history; whether worshipped as 

emblems or otherwise ; mode of carrying ; superstitions and ceremonies con- 
nected with. E. B. Tylor. 

XXX. ReHgious. — Kature of deities, whether ancestral, elemental, or 

typical. Beliefs concerning souls and spirits, their forms and actions ; de- 
scription and meaning of religious ceremonies — sacrifice, purification, &c . ; 
position of 'women in relation to religion. E. B. Tylor. 

XXXI. Superstitions. — All superstitions not included under any 

special section. E. B. Tylor. 

XXXII. Witchcraft. — Evil eye, possession by devils, spells, (fcc., with 
the ordeals and punishments connected with them. E. B. Tyloe. 

XXXIII. Mythology. — Including folk-lore. E. B. Tylor. 

XXXIV. Government. — Appointment and government of chiefs, and 
offices of subordinate rank, whether hereditary or otherwise. 

E. W. Brabrook. 

XXXV. I«aws. — Including game-laws ; laws relating to land, inheri- 
tance, administration of justice, punishments, fines, &c. E. W. Brabrook. 

XXXVI. Customs. — It may be difficult in some cases to distinguish 
between laws and customs, but they should be defined when practicable. 

E. B. Tylor. 

XXXVn. Taboo.— Its origin, history, customs, and superstitions con- 
nected with it. E. B. Tylor. 

XXX vm. Property. — To what extent priyate property is recognized ; 
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personal and landed property. * Tenures of land, customs concerning, &o. ; 
individual, family, and common property. Heirship, succession to. 

XXXIX. TVade. — Mode of barter and exchange in all its phases; 
conveyance of articles from a distance by means of barter. Hyde Clarke. 

XIi* Money. — Including all objects recognized as mediums of exchange, 
and gradual development of the idea of a standard currency ; relative value of. 

Hyde Clarke. 

XU. Weights and Measures. — Accurate descriptions of, referred 
to European standards ; effects of the absence of. Hyde Clarke. 

XUI. War. — Tactics; causes of ; description and names of weapons ; 
mode of conducting, effects, &c. Col. Lane Fox. 

XUH. Hunting. — Including fishing ; trapping, mode of ; customs con- 
nected with ; weapons and instruments employed. Col, Lane Fox. 

XUV. Nomadic Life Its causes and effects ; mode of conducting 

the migrations. 

XLV. Pastoral Life. — Questions especially relating thereto. 

XL VI. Agriculture. — Causes which have led to ; mode of tillage ; in- 
struments : cultivated plants ? effect of, &c. 

XL VII. Training Animals. — Skill in; mode of; animals trained; 
fondness for pets, <fec. 

XLVm. Slavery. — Causes and effects of ; degree of bondage ; treat- 
ment ; rights of slaves ; position in family ; price of slaves ; whether war 
captives or others ; whether increasing or diminishing. 

XUX. Social Relations. — Including family life; treatment of women, 
children, &c. 

L. Sexual Relations. — ^^larriago, polygamy, polyandry, exogamy, 
endogamy. Sir J. Lujujock. 

U. Relationships. — Mode of estimating, as treated by Sir J. Lubbock ; 
genealogy ; number of generations of which correct record is maintained. 

Sir J. Lubbock. 

LU. Treatment of Widows. — Customs relating thereto. 

Sir j. Lubbock. 

UH. Infanticide. — Causes and effects of practices relating thereto. 

Sir j, Lubbock, 

LTV. Causes that limit Population* — Description of. F. Galton. 

LV. Education. — Mode of training children ; aptitude for ; effects of ; 

absence of, &c. F. Galton. 

LVI. Initiatory Ceremonies. — Account of ; causes of. F. Galton. 

LVH. Games. — Amusements of all kinds ; aptitude for ; whether indi- 
genous or derived. F. Galton. 

LVm. Communications. — Koads, paths, how made; absence of; 
transport animals employed ; mode of carrying burdens ; bridges, ferries, &c. 

F. Galton. 

LIX. Tattooing. — Drawings and descriptions of all tattooing and 
painting of the body and cicatrices ; periods when performed, &c. 

A. W. Franks. 

LX. Clothing. — Description of; construction; mode of wearing; di- 
stinctions of ; penis-cases, &c. A*. W. Franks. 

LXI. Personal Ornaments. — E'ecklaccs, bracelets, anklets, feathers, 
nose-rings, car-rings, cap-ornaments, how made and worn. A. W. Franks. 

LXn. Burials. — Including customs at death; objects deposited with 
the dead ; reasons assigned for ; food deposited with ; ceremonies at. See 
also No XXX. Religions. W. Greenwbll, 
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LiXni. Deformations. — Artificial deformations of the body ; reasons 
for ; mode of treatment, &c. Prop. Busk. 

liXlV. Tribal Marks. — Including all party badges, whether worn 
on the person or otherwise ; origin of heraldry, A. W. Pranks. 

IjXV. Circumcision. — Mode of practising; reasons for; ceremonies 
connected with, &c. 

LXVI. Totems. — Description of. J. P. McLennan. 

LXVH. Dyeing.- “Including the manufacture and use of all paints and 
dyes. J. Evans. 

LiXVIII. Music. — Description of musical instruments ; characteristics 
of music, &c. Prop. Carl Engel. 

laXIX. Language. — Including phonetic sounds which can and cannot 
bo pronounced; use of the “ Outline Dictionary’^ of Professor Max Muller. 

E. B. Tylor. 

LXX. Poetry. — Characteristics of ; use of words in exact ; nature of 
metre ; nonsense choruses ; notions of drama. E. B. Tylor. 

LXXI. WHting . — Including also curves, marks, and tallies ; scoring ; 
picture writing ; hicroglj-phics in every stage of development. E. B. Tylor, 
LXXII. Drawing. — Including sculpture, modelling, and representative 
art of all kinds, witli illustrations. Col. Lane Pox. 

LXXIII. Ornamentation. — Inquiries into Ihe history and develop- 
ment of all the various forms of ornamentation. Col. Lane Pox. 

LXXIV. Machinery. — Any traces of the economy of labour by means 
of ; querns, hand-mills, water-mills, &c. J. Evans, 

LXXV. Navigation. — Inquiries into the use and history of the forms 
of boats, paddles, mode of rowing ; method of ascertaining courses employed 
by sea-faring people ; use of nautical instruments — vdience derived, how 
and where constructed ; sails ; seamanshii), 

LXXVI. Habitations. — Description of houses, huts, tents, and their 
congregation in towns and villages ; also cave-dwellings, buildings on piles, 
weams, and houseliold furniture. Sir W, Elliot. 

LXXVn. Fire. — Mode of making and preserving fire, and any cus- 
toms or superstitions connected with fire. E. B. Tylor. 

LXXVni. String. — Mode of fabricating string and rope, and the sub- 
stitutes for it. J. Evans. 

LXXIX. Weaving. — Descriptions of all looms and woven articles ; 
sewing ; bark cloth. * J, Evans, 

LXXX. Pottery, — Mode of manufacture ; materials used ; forms ; uses ; 
hand-made ; wheel-turned ; history ; glazing pottery. A. W. Pranks, 

LXXXI. Leather-work. — Mode of dressing skins ; uses of. 

J. Evans. 

LXXXII. Basket-work. — Mode of fabricating ; forms, uses, &c. 

J. Evans. 

LXXXm. Stone Implements. — Fabrication and use of, at the pre- 
sent time ; history of. Col. Lane Pox, 

LXXXIV. Metallurgy. — Smelting ; forging ; ores, how found ; origin 
of ; uses ; blacksmiths, &c. 

LXXXV, Miscellaneous Arts and Manufactures. — All arts 
and manufactures not included under any special heading. 

LXXXVI. Memorial Structures, — ^Erection and object of, at the 
present time. Sir J. Lubbock. 

LXXXVn. Engineering • — Dams, canals, palisades, bridges. 

J. Evans. 
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IXXXVJIt. Topography.— I^otions of geography ; map-drawing ; 
knowledge of locality, of foreign countries. 

LXXXIX. Swimming. — Mode of ; powers of ; uses ; diving. 

XC. Natural Forms. — Questions relating to the use of natural forms 
in the arts, such as the use of stones as hammers, horns as spears, shells as 
vessels, animals’ hides and scales as armour, &c. Col. Lane Fox. 

XCI. Conservatism. — Fondness for tradition ; questions relating to 
the preservation of old customs and forms of art which throw h'ght on the 
length of time they may have continued in use. E. B. Tylok. 

XCll. Variation. — Changes of fashion ; observations of minute va- 
rieties in customs and forms of the arts, by means of which gradual progress 
may have been effected. E. B. Tylor. 

XeUX. Invention. — Notices of independent inventions, E. B. Tylor, 


Part III. — Miscellankofs. 

XCIV. Population. — Instructions for estimating the population of a 
district. F. Galton. 

XCV, Contact with Civilized Races. — Influence of civilization on 
aborigines. Causes of decay when in contact with the whites; whether 
racial or social. Sir T. Gore Browne. 

XCVI. Preserving Specimens. — Instructions for prcseiwing human 
and other remains. Dr. Barnard Davis. 

Xevn. Anthropological Collections. — Instructions for obtain- 
ing, preserving, and disposing of. A. W. Franks. 

XCVIU. Casts, &c. — Instructions for taking casts of objects, rub- 
bings, inscriptions, and antiquities, &c. ; masks of faces, &c. A. W. Franks. 

XCIX. Photography. — Instructions for the use and transport of pho- 
tographic apparatus. 

C. Statistics. — Instructions as to the mode of obtaining them. 

F. Galton. 


Preliminary Note from the Committee^ consisting of Professor Bal- 
four, Convener y Dr. Ci.eghorn, Mr. Robert Hutchison, Mr. Alex- 
ander Buchan, and Mr. John Sadler, on the Influence of Forests 
on the Rainfall, 

After some inquiry and correspondence the Committee heard of two 
localities, viz. Camwath, Lanarkshire, and Abernethy, Speyside, Moray- 
shire, which seemed likely to be suitable stations for carrying on the 
inquiry entrusted to them, owing to wood likely to be cut down soon, and 
assistance expected from the proprietors. The station in the Speyside 
district the Committee have not yet been able to visit ; but a Subcommittee, 
consisting of Dr. Cleghorn and Mr. Buchan, visited Camwath on the 
Xlthof July, 1873. 
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Carnwath has been one of the stations of the Scottish Meteorological 
Society since the beginning of 1869, and, through the liberality of Hector F. 
McLean, Esq., Carnwath House, is supplied witli a full equipment of 
instruments, all of which have been compared. The observer is Mr. William 
Currie, Clerk to Mr. M‘Lean. He was formerly observer at Eailabus, Islay, 
and is, in the opinion of Mr. Buchan, in every way one of the best observers 
of the Scottish Meteorological Society. 

Three stations were placed at the disposal of the Committee, and 
Mr. M‘Lean offered most handsomely to cut down the trees at the station 
which should be selected, at the time and in the quantity which would, in 
the opinion of the Committee, best suit the objects of the inquiry. 

The three localities were visited by the Subcommittee, who had no 
difficulty in fixing on one of these as the best. Its situation is shown on 
a plan, traced from the Trigonometric Survey. [This plan was exhibited at 
the Meeting.] 

At the point marked I. is placed the anemometer of the station, on the top 
of a grassy knoll, free to the winds all round. At a distance of 820 yards to 
the S.S.W., at point marked II., in centre of patch coloured red, is a wooded 
knoll precisely similar and nearly of the same height. Immediately on west 
of top of this knoll is a circular patch 50 feet in diameter, quite clear of 
trees, covered with a fine, close, grassy sward, containing well-grown 
specimens of Veronica officinalis, V, cliamc^drys, Galium sacratile, Fotentilla, 
Tormentilla, Jlammculus acris, and a few roots of Lastrea FUix-mas, 

Trees (mixed, but chiefly pines) from 30 to 40 feet high surround this 
patch on all sides. The extent of woodland in which it is proposed to place 
the station is G2| acres ; but there is a much greater extent of woodland in 
the neighbourhood. 

The Committee propose to erect two sets of instruments — one beside 
the anemometer at I., the other in the centre of the open space of the 
wooded knoll at II., each set to be in every respect alike, and to consist of 
the following : — 

I Maximum Thermometer. 

1 Minimum Thermometer. 

1 Dry- and Wet-bulb Hygrometer. 

1 Stevenson^s Louvre -boarded Box, for holding the thermometers. 

The instruments to be read twice daily, viz. at 9 a.m. and 9 p.m., in con- 
nexion with those at the station of the Scottish Meteorological Society at the 
point marked III., and always in the same order. 

It is proposed, for one year at least, to compare the observations on the 
wooded and naked knolls, and to cut down none of the trees ; and it is also 
proposed to delay the planting of rain-gauges at I. and II. until a sufficient 
space has been cleared around II. by cutting, the Committee being of opinion 
that observations from a gauge planted in the small patch of II. surrounded 
with trees 30 to 40 feet high, and at no greater distance than 25 feet, would 
give results worse than useless. 

The Committee hope, in the course of a few months, to be able to 
make arrangements for the establishment of the second station at Speyside, 
where the forests are pure Scotch fir of magnificent growth, for which 
instruments similar to those j)rocured for Carnwath will be required. Tq 
meet this outlay and the payment of observers, the Committee will require 
a renewal of the grant of ^20 from the British Association for 1873-74, 
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A]}pendix added hy the Committee, 2)id March, 1874. 

The Committeo are of opinion that the problem of the Influence of Forests 
on the llainfall cannot be directly attacked, but must be preceded by a pre- 
liminary inquiry into the temperature and humidity of the air of the forest 
itself, as compared with the temperature and humidity of the air outside 
the forest. The observations referred to above will supply these data. The 
Committee also contemplate the placing of underground thermometers and 
evaporometers at Stations Nos. I. and II., and the examination of the tem- 
perature of the trees by moans of thermometers permanently fixed in them, 
in the manner adopted at the forest-stations of Bavaria. 


Report of Sub-Wealden Rocploraiion Committee, appointed at the 
Brighton Meeting, 1872, consisting of Henry Willett, II. A. 
Godwin-Austen, F,R.S., W. Toplev, F,G.S., T. Davidson, F.R.S., 
J. PiiESTwicn, F.R.S., W. Boyd Dawkins, F.R.S., and Henry 
Woodward, F.R.S. Drawn up hy Henry Willett and W. 
Topley. 

The proposal to commemorate the visit of the Association to Brighton b}" 
some practical efl’ort to extend the bounds of scientific knowledge was 
received with unexpected favour, and the support given to the 8ub-Wcalden 
Exploration has justified its selection as the most eligible unsolved scientific 
problem in the south-east of England. This Keport may bo considered a 
summary of the transactions more fully detailed in the four quarterly reports 
of the Honorary Secretary. 

The original project was for a bore of inches ; but this was overniled 
by the Committee in London, and the adoption of a diameter of 1) inches was 
decided on. The opinion of French engineers of eminence was adduced by 
Joseph Prestwich, Esq., F.E.S., F.G.S., in favour of this increase, and pro- 
bable success to the ultimate depth required was considered more important 
than the increased cost. The bore-hole has reached (at the full diameter of 
9 inches) a depth of 300 feet, and the engineer has contracted to increase 
it to the depth of 418 feet at the cost only of £1 per foot. The diameter of 
9 inches may be considered merely the foundation of the work, and, like 
all foundations, it makes but a small show for the money expended. 

The shedding, machinery, tools, and rods for a depth of nearly 1000 feet 
have been purchased, but much time and money must be expended before 
2000 feet or paimozoic strata are reached. 

300 feet of strata have already been examined : 70 feet are supposed to 
represent the known liounden-Wood beds ; 230 feet are new to science, of 
which 50 feet consist of valuable beds of gypsum. 

Professor Ramsay states no such beds of gypsum have hitherto been 
found in Europe;’’ and Mr. Etheridge considers “that it is the most 
important geological discovery made in England for the last twentj^ years.” 

The cores exhibited prove, by their horizontal bedding, that hitherto the 
crest of the anticlinal axis has been undisturbed, fvilly justifying the 
selection of the site. Mr. Topley explains more fully (in his accompanying 
Report) the general geological features. 



ON SUB-WiSALDEN EXPLORATION. 


491 


It being found impossible to hon (and that the drilling by the X chisel in 
ordinary use so crushed up the dShris as to baffle examination), the Honorary 
Secretary designed a novel form of drill possessing the following advantages ; — 

1st. It cuts only the circumference, 

2nd. It makes better progress. 

3rd. The central core is left intact. 

4th. The tool not unfrequeutly extracts the core itself. 

The gypsum shown was thns extracted. No such corovS have, it is believed, 
in this country been brought to the surface from similar dei)ths. 

A plan of an ingenious form of electromagnet for the extraction of broken 
pieces of steel from the bottom of the bore-hole was exhibited. It was suggested 
by J. H. Capron, Esq., of Guildford, and designed by Professor John Tyndall, 
P.ll.S., assisted by Messrs. Tisley and Hpillcr. 

The question of cost is a serious one. The onlj^ definite contract for con- 
tinuing the work from a depth of 218 feet to 1500 feet (including the use 
of the tools, machinery, engine, &c. belonging to the Committee) was over 
X5000. When an application for a grant was made in 1872 a large sum 
was not asked for, and i*t was deemed more consistent to await the first 
year’s report ; not only has the o£25 voted been expended, but over £2000 
has been subscribed by other parties, all of which will have been expended 
before the expiration of the current year ; large additional subscriptions will 
therefore be required. 

A reference to the names forming the Central Committee Avill convince 
that the best method for ultimate success will be adopted. 

It is therefore hoped that the Association will consider it advisable to 
reappoint the Committee, and to vote an increased grunt for the prosecution 
of the work. 

In addition to the actual cost of the work of ihc boring, the expense 
incurred has much exceeded the estimate. This excess is attributed to the 
following causes, many of which will not again occur ; — 

I. The increased diameter of the bore. 

II. The distance travelled by the engineer. 

III. The cost of shelter in so exposed a situation, it being impossible to 

get men to work without it. 

IV. The cost of carriage, from the inacc(‘ssiblo nature of the roads &c. 

Y. The large increased cost of fuel. 

VI. The necessity of providing forge, tools, &c. in anticipation of future 

demands. 

VII. The original expenses of survey and commencement. 

VIII. Printing and postage in soliciting subscribers. 


Geological Report, drawn up hy W. Topley, of the Oeoloyical Survey 

of England and Wales, 

Hitherto almost all borings have been made for the purpose of solving some 
probable anticipation, or for the discovery of something definitely required, 
as coal or water. In such cases, if the object sought for be found, the boring 
IS said to be successful; if not, it is said to have failed. With the Sub- 
Wealden boring, however, failure can only arise by a premature arrest of the 
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work, either by an accident* to the bore-hole or from want of funds. Should 
the boring be continued, the result, whatever it may be, will be a success. It 
is important that this should be once more distinctly stated, for the Sub- 
"Wealden boring is too often spoken of as a ‘‘ search for coal so that, should 
coal not be found, we shall certainly be told that our project has failed, and that 
so much money has been thrown away by ignorant theoretical speculators. 

ISi ow, while the originators of this undertaking, as well as the members of 
this Committee, are fully alive to the immense national benefit which would 
result from the discovery of coal in the south-east of England, they do not 
put this forward as the primary object, nor has any money been solicited with 
any such intention. The solo object of the exploration is to discover what 
beds underlie the Wealden, and especially to reach the Palaeozoic rocks. 
This we have every reason to hope will be done ; and whatever those rocks 
may prove to bo, if we can only reach them, the Sub-Wealden exploration 
will then have been a success. 

Should the Association think fit to renew the grant and to reappoint the 
Committee, we may confidently hope that future lleports will contain impor- 
tant additions to our knowledge of the geology of the south-east of England. 
The present Eeport must be regarded merely as a preliminary one ; and it 
may be well at this stage to refer to some general questions, and to clear 
the way for future Eeports. 

Dr. Mantell was the first geologist who carefully studied the interior of the 
Weald. He divided the Hastings beds (or Hastings sands, as they were then 
called) into four divisions : — 

Horsted Sand. Worth Sands. 

Tilgate beds. Ashbumham beds. 

When the geological survey of the Weald was first commenced. Dr. MantelTs 
terms and divisions were adopted ; but it was soon found that they were in- 
applicable in some parts. The classification adopted by the Survey is that 
proposed by Mr. Drew, whose account of it was laid before the Geological 
Society in 1861. 

Unfortunately the Survey retained Dr. MantelPs term (Ashbumham beds) 
for the lowest strata, and followed him in considering the limestone beds of 
Poundsford to be the same as the mottled clays, which are the lowest strata 
seen on the coast. Not only are the limestone beds of Poundsford below the 
clays of Eairlight, but neither of these are the equivalents of the strata at 
Ashbumham itself, which lie near the bottom of the Wadhurst Clay. Near 
the base of this clay, and lying in or near to the nodules of clay ironstone, 
which were formerly extensively worked, there is a bed of ferruginous lime- 
stone crowded with Cyrcnce, Dr. Mantell thought this to be identical with 
the shelly limestone found near Poundsford ; and wherever he met with it 
he noted the occurrence of Ashbumham beds. Many of the localities men- 
tioned arc certainly in Wadhurst Clay. 

In Dr. Eitton’s opinion, the strata of Poundsford, Archer’s Wood, &c. were 
lower than any others in the Weald ; and he adds : — “ From the general 
structure of the tract surrounding Brightling, the ravines at the base of the 
prominence on which the Observatory stands ought evidently to afford the 
lowest strata of the country”*. 

A detailed survey of the entire district has proved that he was correct, and 
that it is just at this spot (in Rounden Wood) that the lowest strata are 
brought to the surface. More recent examination of the district has deter- 
* Geology of Hastings, p. 54 (1853). 
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mined the Director of the Survey to separate these beds. The clays of the 
coast are now called “ Fairlight Clays ’’ (Mr. Gould’s term), while the lowest 
limestone scries of the inland district are coloured as Purbecks. 

The difference in the strata rendered such a change in the classification 
desirable, and it has been confirmed by the discovery of thick beds of gypsum 
in the Sub-Wealden boring. Although found in detached blocks in the 
Purbeck beds of Dorsetshire, gypsum was unknown before in the Weald. It 
should also be noticed that the Ashdown Sand, which comes between the 
Fairlight Clays and the Wadhurst Clay, is only about 150 feet thick at 
Hastings ; but the Ashdown Sand of the Brightling district (including under 
that term all the strata intervening between the Wadhurst Clay and tho 
Purbecks) is 300 or 400 feet thick. We may then fairly assume that the 
lower part of these sands (which is much more clayey than the upper part) 
represents the Fairlight Clays of the coast. 

In classing these beds with the Purbecks we are only repeating the 
opinion of Mr. Conybearo (the earliest geological writer on the district). 
Subsequently they have been referred to the Purbecks by Sir H. De la Beche, 
Prof. Edward Forbes, Dr. Fitton, Mr. Godwdn-Austen, and others ; in some 
cases even by Dr. Mantell himself. 

The Purbeck beds of Sussex consist chiefly of clays and shales. The lime- 
stones are chiefly found upon two horizons — an upper one, called the 
greys ” or “ the vein-greys,” and a lower one, called “ the blues.” These are 
separated by about 100 or 140 feet of shales, interspersed with only a few 
thin beds of limestone and a little sandstone. Below the “blues” are impure 
limestones (bastard blues). Tho low^est strata known previous to tho boring 
were the “ dunk shaws,” thin flaggy limestones found in Bounden Wood, 
crowded with Ct/prldea valdemis. 

The total thickness hitherto known may be estimated at a little over 
300 feet. 

The boring at Netherficld began at a point about 250 feet down in the 
Purbecks, just below the “blues.” Mr. Willett and Mr. W. Boyd Dawkins 
proposed the site ultimately chosen ; and no otlicr spot in the district would, 
all things considered, have presented equal advantages. 

The strata passed through up to the present time (September 1873) are as 
follows ; — 


Strata. 

Thickness, 
ft. in. 
ir. (1 

Depth from surface, 
ft. in. 

0 0 

Blue limestone 

2 

0 

19 

0 

Shale 

T) 

0 

24 

0 

Blue limestone 

2 

0 

20 

0 

Shale 

4 

0 

SO 

0 

Limestone 

1 

0 

31 

G 


4 

0 

35 

G 

Limestone 


0 

38 

G 

Shale 

4 

0 

42 

(> 

Limestone 

4 

0 

4G 

6 

Hard blue shale 

15 

(> 

()2 

0 

Hard grey shale 

3 

0 

G5 

0 

Hard shale ' 

14 

G 

79 

G 

Shales, with crystals of carbonate of lime 

9 

0 

88 

G 

Grey shale 

IS 

0 

101 

6 

Greenish shales, with gypsum veins 

20 

0 

121 

G 

Impure gypsum 

8 

G 

130 

0 

Pure white gypsum 

4 

0 

334 

0 

Impure gypsum 

5 

G 

139 

G 
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Sti*ata. Thickness. Depth from Borffioe. 



ft. in. 

ft. 

in. 

Pure white gypsum 

3 0 

142 

6 

Gypsum, more or less pure, hard, and dark 

Blue shale 

14 G 

157 

0 

3 6 

160 

6 

Gypsum, in nodules and veins 

12 0 

172 

G 

Gypseous marl 

6 G 

179 

0 

Sandy marl 

0 G 

179 

G 

Black sulphurous shale 

0 G 

180 

0 

Greenish sand, with nodules of black chert 

21 0 

201 

0 

Sandy shale 

30 0 

231 

0 

,, with more or less variations of oal- ] 

careous matter, and with interspersed chert- [ 

8 0 

239 

0 

nodules 

Carbonate of lime, in veins intersecting ditto ... 

2 0 

211 

0 

Indurated black sandy shale, very sulphurous ... 

12 0 

253 

0 

Bbicker ditto ; softer 

7 0 

2(i0 

0 

Harder shales, with much chert 

12 0 

272 

0 

Black horizontal shale, very sulphurous 

2 0 

274 

0 


12 0 

286 

0 

Sliale, paler in colour, with veins of gypsum...... 

Bhale, darker and more sandy 

4 0 

200 

0 

2 0 

292 

0 

Shale 

2 0 

294 

0 


The higher beds marked as “ limestones ” in the boring-section are 
mostly impure. These are the bastard blues.” Below these, in Ilounden 
Wood, there are other limestones known as the Ilounden greys,” and then 
come the “ Dunk shaws.” The “ greys ” and blues ” are easily identified 
by the workmen whenever they occur. The “ Dunk shaws ” arc peculiar in 
character ; but as neither they nor the Rounden greys ” have been identi- 
fied in the boring, they may be a local peculiarity. The new discovery of 
gypsum is an important addition to the Purbcck series of Sussex. The two 
principal beds of gypsum consist of perfectly white alabaster. The gypseous 
shales are dark in colour, but they contain so much gypsum that, when 
pulverized, they appear almost white. The gypsum is mostly evenly bedded ; 
but that found in the shales is nodular and irregular in structure. It is not 
improbable that at or near this horizon gypsum will occur over a considerable 
area in the Sussex Purbccks ; and it probably occurs not far below the sur- 
face at the bottom of the rough field ” in Ilounden Wood, 

With regard to the depth at which the Palmozoic rocks arc likely to occur 
beneath the Weald, I may remind you that 700 feet has been mentioned as 
a probable minimum, and 1700 feet as a probable maximum. It would 
seem, from borings already made in other districts, that the depth of the 
palaeozoic floor below the present sea-level is to a large extent independent 
both of the newer formations above it and of the apparent disturbances which 
are supposed to have affected them. The borings at Kentish Town, Harwich, 
Ostend, and Calais, all reach the palaeozoic floor at a depth only slightly 
exceeding, or slightly less than, 1000 feet below the sea-level ; and in these 
cases the higher strata passed through are of very varying character and 
thickness. These, however, are all on, or to the north of, the supposed westerly 
extension of the ‘‘Axis of Artois,” and it is possible that difierent conditions 
prevail to the south of that line. 

I may also remind you that, in the Pays de Bray, Carboniferous Limestone 
occurs at a depth of 59 feet from the surface, underlying Kimmeridge Clay. 
It is this presence of the Carboniferous Limestone in this position which gives 
some slight hope of the occurrence of Coal-measures near Boulogne and in 
our Wealden area further west. Mr. Godwin- Austen has pointed out that 
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tlie general dip of tlic Carboniferous Limestone of the Boulonnais is to the 
south ; and this is the dip where they arc last seen passing beneath the 
unconformable secondary rocks. As Carboniferous Limestone occurs under the 
Pays do Bray, it is not unlikely that some Coal-measures may be preserved in 
a palsDozoic trough between these places. 


Report of the Committeey consisting o/Mr. Francis Galton, Mr. W. 
Froude, Mr. C. W. Merrifield, and Professor IIankine, appointed 
to consider and Report on Machinery for obtaining a Record of the 
Roughness of the Sea and Measurement of Waves near shore ^ 

Tn consequence of the death of one of our number, the late lamented 
Professor Bankino, and the pressing occupations of the other members of the 
Committee, it has not been possible to make much progress with this subject 
during the j)ast year, and they arc not at present prepared to report upon it. 


Report of the Committee on Science^Lectures and Organisation, — the 
Committee consisting of Prof. JioscoE, F.R,S. (Secretary), Prof. 
^ W. G. Adams, F.R.S,, Prof. Andrews, F,R.S,, Prof. Balfour, 
FJi.S., F. J. Bramwell, F.R.S,, Prof. A. Crum Brown, F.R.S.E., 
Prof. T. Dyer, Sir Walter Elliot, F.L.S,, Prof. Flower, F.R.S,, 
Prof. G. C. Foster, F.R.S., Prof. Geikie, FR.S,, Rev. R. Har- 
LEY, RR.S., Prof. Huxley, F.R,S., Prof. Fleeming Jenkin, FR.S., 
Dr. Joule, F.R.S., Col. Lane Fox, F.G,S,, Dr. Lankester, F.R.S., 
J. N. Lockyer, F.R.S., Dr. O^Callagiian, LL.D,, D.C.L., Prof. 
Ramsay, FJi.S., Prof. Balfour Stewart, F.R.S., H. T. Stainton, 
F.R.S., Prof. Tait, FR.S.E., J. A. Tinnk, FR.G.S., Dr. Allen 
Thomson, F.R.S., Sir William Thomson, F.R.S., Prof. WAville 
Thomson, F.R.S., Prof. Turner, F.R.S.E., Prof. A. W. William- 
son, F.R.S., and Dr. Young. 

[Read at the Brighton Meeting.] 

Your Committee endeavoured in the first place to obtain a clear view into 
the nature and extent of their possible sphere of action, as defined in the two 
following Resolutions, by which they were appointed at the Meeting at 
Edinburgh : — 

1 . To consider and report on the best means of advancing Science by 
Lectures, with authority to act, subject to the approval of the Council, 
in the course of the present year if judged desirable. 

2. To consider and report whether any steps can be taken to render 
scientific organization more complete and effectual. 

In this endeavour your Committee have been greatly aided by the follow- 
ing statement handed in by Dr. Joule, clearly pointing out the general 
objects which should be aimed at in Science Organization in this country. 
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Jbr. Joule's Statement, 

In order to render scientific organization as complete and effectual as a 
great nation may rightly demand that it should be, it is essential to obtain 
the authority of and material assistance by Government. This view is 
evidently in harmony i^iith that which has been adopted by the country 
respecting national education. Indeed the education of the people in the 
rudiments of knowledge will prove comparatively useless if the higher 
developments arc not fostered with at least equal care. 

The following are some of the principal objects to be obtained by a 
more complete organization, for which Government aid is imperatively 
demanded : — 

1. Observatories for the continual watching of 

«. Astronomical phases. 

b. Meteorological phenomena, including Magnetism of the Earth. 

c. Tides and Sea-level. 

2. Museums for permanent collections of 

a. Specimens in Natural History. 

h. „ Chemistry. 

c. „ Geology and Mineralogy. 

d. Manufactured products. 

e. Machines, tools, &c. 

f. Scientific Apparatus. 

3. Libraries of books on Science, comprising the Transactions of British 
and Foreign Societies. 

4. Publication of complete classified catalogues of scientific researches, 
inventions, and discoveries in this and other countries. 

5. Scientific researches. 

C. Inquiries, at the instance of Government, respecting 
a. Artillery, Ships, Fortifications, &c. ; also 
h. Mines, Adulterations, Sanitary matters, &c. 

7. Scientific Expeditions. 

8. Verification and issue of Scientific Instruments. 

9. Scientific Instruction by 

a. The Foundation of Chairs. 
h. Popular Lectures. 

10. Rewards for discoveries, researches, and inventions. 

The first of the above objects has been treated of by Professor Balfour 
Stewart. It is most desirable that thoroughly efficient observatories should 
be established in various localities of the British empire. 

Complete museums and libraries should be founded and scientific instruct 
tion provided in all the centres of large populations. It is impossible to be 
satisfied with national collections in the metropolis only, and with instruc- 
tion supplied in a few and sometimes ill-chosen localities, when we regard 
the present wants of society. 

The fourth object has been undertaken by the Royal Society. It is, how- 
ever, absurd to expect that it can be attained in the completeness which is 
absolutely essential to the progress of science without the continuous supply 
of ample funds. 

^ Government has already done something to promote the fifth object, espe- 
cially by its grant to the Royal Society. The result has certainly been to 
encourage further steps in the same direction. The same remark applies to 
the seventh object. 
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The sixth object is of irninediate concern to the State. At the present day, 
when war has been raised from an art to a science, it would be the height of 
folly not to secure the best theoretical talent that the country can afford. 
Under the head (b) it may be remarked that the commonest feelings of 
humanity call for authoritative and intelligent interference with arrange- 
ments and processes by which the lives and happiness of so many are so 
frequently imperilled. 

The verification and issue of scientific instruments is a most important 
duty, and ought to be undertaken by a body armed with authority sufficient 
to secure the use not only of instruments which are correct, but whose 
indications are on a uniform system of units. The duty of verification has 
been undertaken by the Kew Observatory with such good results as to 
encourage further efforts over a wider field. 

The objects proposed are extensive, and would involve some difficulty in 
carrying them into effect. But the benefits to be attained are so immense 
that these considerations should not be allowed to weigh. Moreover, existing 
Societies, several of which possess a very complete organization, would supply 
a great deal of the necessary machinery, so that the chief business of the 
Government would be to supervise, give authority, and furnish the necessary 
funds*. 

Your Committee, believing that the only mode of making progress in so 
wide a field as that described by Dr. Joule was to select some few points upon 
which to commence action, determined to appoint tin ee Subcommittees for the 
purpose of taking u{) the discussion of three of the above-named objects. 

Subcommittee A. — To discuss and report on the first of the resolutions 
under which the Committee was appointed, viz. the best means of advancing 
Science by Lectures. 

Subcommittee B. — To discuss and report on the question of Scientific 
Organization as regards Meteorology. 

Subcommittee C. — To discuss and report on the question of Scientific 
Organization as regards Local Scientific Societies. 

lleports from the above Subcommittees have been receivedi their substance 
is as follows : — 

Subcomrnittee A. — On the best means of advancing Science by Lectures. 

In accordance with the first original resolution, the Council of the Asso- 
ciation, on February 28th, 1872, gave permission to the proposed action of 
your Committee as regards Science-Lectures. The Subcommittee A was 
charged with the preparation for one year of a list of lectures for the con- 
sideration of your Committee, and with the task of communicating with the 
various towns with the view of establishing a system of Science-Lectures 
throughout the country. The necessity of establishing some regulation under 
which the names of proposed Lecturers should be selected became at once 
apparent. The following regulations were ultimately adopted : — (1) The 
names of the Lecturers to be selected (with their consent) from Members of 
the General Committee of the Association, or from amongst the Graduates of 
any University of the United Kingdom. (2) The subjects of the Lectures 
shall be such as are included in one or other of the Sections of the Associa- 
tion. Circulars were then sent to a certain number of gentlemen asking for 
their cooperation in the delivery of Science-Lectures in various parts of the 

♦ See Lord Wrottesley’s Address to the Boyal Society, Nov. 30, 1865 ; also Report of 
the Parliamentary Committee to the British Association at Glasgow, 1855. 

1873. 2 K 
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kingdom. It is clearly understood, and distinctly stated in the circular, that 
neither your Committee nor the Association can be in any way responsible 
for the pecuniary arrangements which must in each case be made between 
the Lecturer and the Institution or persons engaging nis services. It is also 
not intended to publish the list of Lecturers, but simply to send the same to 
the various Institutions who may apply for information. The Subcommittee 
have received many promises of assistance from many eminent and well- 
qualified lecturers; the list is, however, not yet completed, and, owing to the 
difficulty of getting the several members resident in the country to meet 
together, it has not been possible as yet to open any communication with the 
various towns or institutions as to the further spread of the Science-Lectures 
throughout the country; it is, however, hoped that speedy action in this 
direction may be taken. Your President, Dr. Carpenter, has taken special 
interest in this branch of your Committee’s proceedings ; and he writes that 
he is sure, from applications which he is continually receiving, that an organ- 
ization for the promotion of Science-Lectures would do great service by 
facilitating arrangements between such as want them and such as can effi- 
ciently supply^ the want, and by making known what experience shows to be 
the best method. 

Subcommittee B. — On Science-Organization as regards Meteorology. 

The following statements from Professor Balfour Stewart [embodying 
certain remarks of Mr. Baxendell] and from Mr. Lockyer, containing their 
opinion as to the present condition of Meteorological Science, have been 
received by your Committee. 

Vrof. Stewards Statement. 

The subject under the consideration of the Subcommittee is a very exten- 
sive one, and 1 am not pre[>ared at this moment to present any thing like a 
comjdcte statement of the subject ; nev( i (lieless there are two very pressing 
wants of observational science to which 1 think attention ought to be directed 
without delay, and which 1 therefore beg to bring before the Subcommittee, 
TJie Jirst of these refers to aid in meteorological investigations. There is 
probably no science which depends more for its progress upon the patient 
and laborious reduction and discussion of numerous and extensive series 
of observed facts than that of meteorology. Hundreds of valuable series of 
meteorological observations, some of them extending over long periods of 
years, have been made and published, at a great cost of both time and 
money ; but hitherto no results have been obtained from them at all pro- 
portionate to the enormous outlay they have involved, the reason being that 
the close application and labour and expenditure of time required to carry 
out meteorological investigations are usually much greater than private indi- 
viduals can afford to devote to them. It is therefore absolutely necessary 
for the interests of the science that State aid should be given to scientific 
men who are willing to undertake meteorological investigations of the nature 
of reductions, provided they can show that the objects they have in view are 
of sufficient importance to justify a moderate expenditure in endeavours to 
attain them — this aid to be given in the form of pecuniary grants, to defray 
the expense of engaging assistants to make such reductions and tabulations 
of observations and results and such computations as the nature of the 
investigations may require. If proper representations were made to Govern- 
ment on this subject, (here is little doubt that something would be done; 
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for Government are at this moment largely subsidizing the observational part 
of meteorology. 

It is, however, very evident that unless the facts so accumulated can be 
thrown open sufficientlj^ to men of science their use will be limited. In the 
establishment of the Meteorological Office, Government have virtually allowed 
that the proper maintenance of a sufficient number of observing-stations 
cannot be expected from private means ; but they appear to have forgotten 
that it is also necessary to open up these observations to men of science, and 
to provide the necessary means for discussing them. 

When it is considered that it is now an established fact that meteorological 
changes have more to do with the production of diseases and death than all 
other known causes, it will be apparent that, besides its uses for the purposes 
of navigation and in the operations of the agriculturist, a knowledge of the 
laws and principles of meteorological science has an important bearing upon 
the welfare of all classes of the community, and that tlierefore the advance- 
ment of meteorology ought to be an object of anxious solicitude to every 
civilized Government. 

The second point to which I would direct attention is the bearing of Solar 
Physics upon meteorology. 

Recent investigations have increased the probability of a physical con- 
nexion between the condition of the sun’s surface and the meteorology and 
magnetism of our globe. 

In the first place, we have the observations of Sir E. Sabine, which seem 
to indicate a connexion between sun-spots and magnetic disturbances, inas- 
much as both phenomena are periodical, and have their maxima and minima 
at the same times. 

On the other hand, the researches of Mr. Baxendell appear to indicate a 
relation between the daily wind-currents of the earth and its magnetism, and 
also between the earth’s wind-enrrents and the state of the sun’s surface. 

In the last place, the researches of Messrs. De La Rue, Stewart, and 
Loewy ap})ear to indicate a connexion between the behaviour of sun-spots and 
the positions of the more prominent planets of our system. Whatever be the 
probability of the conclusions derived from these various researches, they at 
least show the wisdom of studying together for the future these various 
branches of observational science. 

Now, while a good deal has been done of late years in extending meteoro- 
logical and magnetical observations, very little has been done in the way of 
taking daily photographs of the sun’s surface. Mr. Warren De La Rue has 
undertaken, since 18()2, the charge of the Photo-heliograph belonging to the 
Royal Society at the Kew Observatory ; and the Royal Society have hitherto 
contributed yearly funds from the Government Grant for the working of this 
instrument ; but this annual grant from the Royal Society is about to expire. 
Unless, therefore, these solar autographs shall continue to be obtained at 
private expense, we shall, in February 1872, be without a single station, 
either in the British Isles or, as far as we know, in any favourable part of the 
earth’s surface, from which any thing approaching to a sufficiently regular 
production and discussion of sun-pictures is likely to proceed. 

It has already been acknowledged by Government, in the formation of the 
Meteorological Board, that it is beyond the power of private liberality to 
maintain such regular and long-continued observations ; we therefore trust 
that they will once more come forward and establish stations in which the 
sun’s surface may be regularly mapped, and the positions and areas of sun- 
spots regularly measured. 


2 K 2 
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Again, in connexion with these solar researches, it is of importance to 
know both the beating and actinic effects of our luminary, and how these 
vary, not only from hour to hour, but from day to day and from year to year. 

No instrument has, however, yet been devised by which the heating-effect 
can be conveniently registered. On the other hand. Dr. Roscoe has perfected 
his method of observing the actinic effect so as to make it automatic ; and 
thus a series of hourly observations of tliis element of the sun’s activity can 
be very easily obtained. This ought to be done at every station where the 
surface of the sun is mapped ; and we understand that this plan of Dr. Roscoe’s 
is about to be adopted in all Russian observatories. It would thus appear 
that we are now in a position to define with precision what ought to be done 
at a sun-station ; and, as long as the sun-establishment at Kew lasts, ob- 
servers may there receive instruction in solar photography through the 
courtesy of Mr. De La Rue. 

They may also receive instruction in the art of measuring the areas and 
position of sun-spots through the same source ; and, finally. Dr. Roscoe will 
be glad to give the necessary instruction in actinic observations. 

It is hardly necessary to remark that the stations should be so selected as, 
taken together, to be independent of weather, and to be capable of giving at 
least one picture of the sun’s disk every day without the chance of inter- 
ruption. We know enough of the climate of various places to bring about 
this result ; and in our dependencies, if not in Great Britain, we have a suffi- 
cient area from which to choose our stations. 

The influence of weather in causing blank days is particularly detrimental 
in solar research. In the observations lately reduced by Messrs. De La Rue, 
Stewart, and Loewy, it has been found that a good record of the behaviour of 
sun-spots, with regard to increase and diminution, as they pass across the 
disk, is of great value ; but that, owing to blank days, this record can only be 
obtained for half the whole number of spots observed, and even for this half 
in a more or less imperfect manner. And it is of so much greater importance 
to select the stations so as to obtain a coiitinuous record, inasmuch as such 
observations are not like experiments which may be multiplied ad libitum ; 
for here we are furnished in a year with a record of a certain number of sun- 
spots and no more ; and it remains with us to make the best possible use of 
the limited information which nature gives us. 

In fine it is believed that a daily record of the sun’s surface, accompanied 
by a record of his actinic power, is, in the present state of science, ©f the 
greatest possible importance. 

In the preceding remarks no allusion has been made to the establishment 
of regular spectroscopic observations of the sun’s disk — not because it is con- 
sidered unimportant, but because it forms a separate branch of inquiry, which 
will be best reported upon by Messrs. Janssen and Lockyer, and by Dr. Hug- 
gins, gentlemen who have especially devoted themselves to this subject. 

Your Committee have received the following communication on the im- 
portance of the establishment of regular Spectroscopic Observations of the 
Sun’s Disk from Mr. Lockyer. 

Mr, Lockyer^ 8 Statement, 

The following are some among the secular inquiries which in my opinion 
ought to be undertaken at once on a perfectly definite basis and with un- 
swerving regularity. Of course I have not named all the secular inquiries, 
nor have 1 alluded to any of the special ones which are suggested almost 
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every time one looks at the sun. These must be provided for, of course ; but 
the great thing is not to lose time in starting the work in which time plays 
the most important part. I think the future will show that in its broad 
outline this work is as follows : — 

a. Observations on the Janssen-Lockyer Method. 

Prominences at limb : — 

1. Number. 

2. Position on sun, with reference to spots and faculee. 

3. Height and brilliancy. 

4. Materials. 

5. Currents, direction, and velocity. 

G. Thickness of lines at top and bottom. 

Prominences on sun : — 

7. Number. 

8. Position (as above). 

9. Materials. 

10. Rate of elevation or depression. 

10a. Width of lozenge. 

1 1 . Thickness and brilliancy of lines and associated bright lines in spectrum 
of photosphere. 

Spots : — 

12 . Lines thickened. 

13. Thickness of lines. 

14. Alterations of wave-length. 

15. Variations of spectrum near spots, including bright lines. 

Faculse : — 

16. Thinning and disappearance of lines. 

17. Bright photospheric lines. 

b. Observations on Kirchhojff^ s Method, 

18. Map frequently suspected regions of spectrum to detect changes in 
Fraunhofer lines. 

19. Determine accurately every three or six months the thickness of the 
principal Fraunhofer lines. 

20. Note changes in bright lines. 

If the Committee wish, I shall be happy to state at length the reasons 
which have led me to consider these observations as of high importance and 
of a secular nature. I may at once, however, very briefly point out, seeing 
that observations of the spots are considered valuable on all hands, that as 
the prominences occur in regions where the pressure is less than at the spot- 
level, they will be likely to afford better indications of the fact of the solar 
forces being at work ; and as there is reason to believe that they are connected 
with the spots, we shall get more complete evidence in the same direction as 
that given by the spots. But we may get very much more than this. We 
now know that the sun’s atmosphere extends 10' at least above the spot- 
level ; we may therefore hope in this way to catch shorter periods than the 
sun-spot periods. Again, the spectroscope takes us beyond the fact of forces 
being at work. The bright prominences and the lozenges seen on the sun 
itself, the thickening of lines in spots, and the alterations of wave-length are 
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unmistakable evidences of what is going on ; we get An idea of what forces 
are at work. But spots are not alone in question. 

I say a few words with reference to some of the proposed lines of obser- 
vation. 

Prominences at Limb. 

1. This is clearly necessary. We must have a prominence-curve as well as 
a sun-spot one. 

2. In this way we shall be able to do for prominences what Cftfrington 
has done for the distribution of the spot in latitude, and in time settle another 
question about which there is much contradictory assertion among foreign 
observers at present. 

3. For this perhaps C and brilliancy at base should be universally adopted. 
It will doubtless prove of much importance ultimately to keq) to the division 
of prominences I have proposed in a paper communicated to the Royal 
Society. 

4. Some one line in the case of each element must be taken and kept to. 
These observations have already given me much evidence of this kind — 

a-^ b Cy 

a b c d ; 

and the series should be extended as far as possible. The structure of the 
solar and stellar atmospheres cannot be got at in a more convenient manner 
than this at present ; and as the lines indicate the vapours above tlie highest 
level of the photosphere we may look for secular changes. 

6. I have already evidence, I think, of change since 1868. 

Prominences on Sun. 

7, S, 9, 10, 11. The observations are complementary to those made at 
the limb. 

12, 13. I have already detected changes which are probably connected with 
the sun-spot period. 

18, 19, 20. I have already detected changes. 

I think these observations should be made over one of the 1 1 -year periods, 
under absolutely the same conditions, with the same eyes and instruments, if 
possible ; and even after that time I would rather extend the programme than 
alter it. The value of each observation will be increased by each additional 
similar observation. 

Of course I expect the chemical end of the spectrum to be photographed. 
Rutherford and Cornu have shown this to be perfectly feasible in the case of 
18, 19, 20. I believe that time and money are alone wanted to do part of 
all I have put down by photography. It will be an immense gain if this 
can be done from F, for the region between F and G is terribly trying for 
the eye. Up to F the eye must naturally be depended on. 

Of iassociated work there will be such researches as explain to us what the 
various phenomena mean ; measures of solar diameter ; photographs of sun- 
spots on a large scale ; and eye-observations with a fine instrument to deter- 
mine whether the changes I have pointed out in the spectra and appearance 
of sun-spots are connected with the sun-spot period. 

I hope my accidental connexion with the new method of work will not 
cause me to be considered presumptuous if 1 state my opinion, that if it is 
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considered necessary to study the sun — the fountain of all our energies at 
all, whether for practical ends or for higher objects, the method of i^cal 
spectroscopic observation must not be neglected. I further believ e, as I have 
before stated, that it helps us where nothing else does, even if the photosphere 
be alone considered ; and that, as we have above the photosphere a region oi 
greater delicacy, the continued study of this will lead us far beyond the 
point we could hope to attain by merely observing the spots. 

While I hold these opinions most strongly, I must also add that I see no 
way of having the work done by private effort. I have tried hard to continue 
the work ; and in the fact that it was begun in this country by myself ^ 
the strongest inducement to carry it on ; but nothing short of one s whole 
time will suffice for such inquiries. 

For the purpose of commencing action in this branch of science, your 
Committee directed its Meteorological Subcommittee to put themselves into 
communication with the Observational Establishments of the United Kingdom, 
with a view of ascertaining from the directors of these establishments what 
information besides that which they publish, they are willing to communicate 
to men of science, and on what terms. This has been done with respect to 
the four following institutions : — 

1. The Royal Observatory, Greenwich. 

2. The Meteorological Committee. 

3. The Kew Observatory Committee. 

4. The Stonyhurst Observatory. 

The following questions were put to the Astronomer Royal'.-- 

1. Might men of science be permitted to inspect the traces of the Green- 
wich self-recording instruments, especially those recording the changes in 
terrestrial magnetism and those recording earth-currents, and to take notes 

2. Could accurate copies of such traces be procured ? and on what terms ? 

3. Could accurate copies of the hourly tabulated values, taken from such 
traces, he procured ? and on what terms ? 

To these questions the following reply was received from the Astronomer 
Royal : — 

Bojal Observatory, Greenwich, London, S.E., 
April 3, 1872. 

My dear Sir,— I n reply to the questions which you, acting with the 
British-Association’s Committee on Science-Lectures and Organization, have 
placed before me (received this day), I have to answer as follows 

1. It will give me great pleasure to offer every facility to any man ot 

science to see, examine, and take notes on all traces of self-rwording in- 
struments in this Observatory. I cannot very well allow the sheets to be 
taken out of the Observatory, and should be glad if persons inspecting these 
sheets would come at an early hour in the morning. . „ . 

2. Every facility shall be given for taking accurate copies of the records. 
If a small number only is required, we will at once have them made (when 
the specitic records are designated) without further trouble to our visitor ; if 
a large number is wanted, some further arrangement may be necessary, on 

which at present I cannot speak positively. 

3. Copies of the tabulated values shall be furnished to any practicable ex- 
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tent — as above, but not so closely, because copying figures is easier 
than copying curves. 

I am, niy dear Sir, 

Yours very truly, 

(Signed) G. B. Airy. 

JProfessor Roscoe. 

The Astronomer Royal was thanked in the name of the Committee for the 
facilities which he was willing to give. 

The following questions were put to the Meteorological Committee : — 

1 . Could accurate copies of the hourly tabulated values, taken from the 
traces of the varioUvS self-recording instruments of the Meteorological Com- 
mittee, be procured ? and on what terms ? 

2. Could accurate copies of certain portions of logs, relating to meteorolo- 
gical observations, or any other meteorological information in the possession 
of the Meteorological Committee, be procured ? and on what terms ? 

The following reply has been received from the Meteorological Committee*, — 

Meteorological Department, 

116 Victoria Street, London, S.W. 

April 30, 1872. 

Sir, — In reply to your inquiries, I am instructed to inform you that the 
Committee will be ready to afford to gentlemen recommended by the Council 
of any recognized Scientific Body facilities for obtaining accurate copies of 
MS. meteorological information which may be in their office. 

1. Accurate copies of the hourly tabulated values taken from the traces 
of their self-recording instruments can be supplied. 

2. Accurate copies of portions of logs relating to meteorological observa- 
tions and of other meteorological information in the Meteorological Office can 
be supplied. 

In every instance the cost of copying must be defrayed by the applicant, 
who, in the case of ships’ logs, must state whether he prefers to have the 
observations corrected, or to receive the correction, and apply them himself. 
I am further to draw your attention to the fact that in the first Annual Re- 
port of this Committee, at page 1 1 , it was stated that copies of information 
in the Meteorological Office could be supplied on the terms mentioned in the 
enclosed circular, which are identical with those above mentioned. I may 
say that several gentlemen have availed themselves of the opportunities offered. 

I am &c., 

(Signed) Robert H. Scott, 

Professor H, E, Roscoe, Director, 

[A circular accompanied Mr. Scott’s reply, in which it is stated that in 
case of the publication of such information or of results wholly or in part 
from it, an acknowledgment of the source from which it has been obtained 
must be annexed.] 

The Meteorological Committee were thanked in the name of the Committee 
for the facilities which they were willing to give. 

The following questions were put to the Kew Observatory Committee : — 

1 . Might men of science be permitted to inspect the traces of the Kew 
self-recording magnetographs, and to take notes of them ? 
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2. Could accurate copies of such traces be procured ? and on what terms ? 

3. Could accurate copies of the hourly tabulated values from such traces 
be procured ? and on what terras ? 

The following answer has been received : — 

Kew Observatory, Richmond, Surrey, S.W., 
June 6, 1872. 

Sir, — With reference to your letter of March 25th, addressed to the Kew 
Committee of the Royal Society, I am instructed to send you the following 
reply, which was adopted at their meeting of the 31st ult. : — 

1 . Resolved, that the Committee will be ready to afford facilities to men of 
science to inspect and take notes of the traces of the Self-recording Magneto- 
graphs ; application to be forwarded in each case to the Secretary of the 
Committee, in order that arrangements may be made for the attendance of a 
duly authorized person. 

2 & 3. The furnishing of unpublished results of tabulations not only in- 
volves considerable expense, but would materially disturb the current work 
of the Observatory. The Committee are therefore not prepared at present to 
supply copies of such results. They would, however, if necessary, gladly 
supply photographic copies of the instrumental traces at the cost of produc- 
tion, and they hope that this would meet the requirements of the case. In 
all three cases the cost would depend on the amount of time and labour 
required. 

Your obedient Servant, 

Robert H. Scott, 

Professor H, E, Roscoe, F.R,S, Hon, Sec. 

The Kew Committee were thanked for their communication. 

The following questions were put to the Director of the Stonyhurst Ob- 
servatory : — 

1. Might men of science be permitted to inspect the traces of the Stony- 
hurst self-recording magnetographs, and to take notes of them ? 

2. Could accurate copies of such traces be procured ? and on what terms ? 

The following reply has been received from the Director of the Stonyhurst 
Observatory : — 

Stonyhurst College, Blackburn. 
April 3rd, 1872. 

Dear Sir, — In answer to the two questions appended to the circular with 
which you favoured me this morning, I have little else to say than that I 
shall always be most happy to place at any gentleman’s disposal the curves 
traced by the Stonyhurst instruments. I am at present working systematically 
at the tabulation of the magnetograph traces, and I hope to be able in time 
to publish the results, but this will not in the least interfere with any man 
of science recommended by your Committee taking any notes he may require. 

Accurate copies of the distinct curves can easily be taken photographically ; 
the assistant’s time and the materials used will be the only things charged 
for. I could not undertake any thing that would deprive me of the aid of 
any of my assistants for any considerable time ; but a fair sacrifice I am quite 
willing to make, and that is all I am sure you will expect. 

Yours sincerely. 

Professor Roseoe, S. J. Perry* 
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The Director of the Stonyhurst Observatory was thanked by the Com- 
mittee for the facilities which he was willing to give. 

Subcommittee C. — On the question of Scientific Organization as regards 
Local Scientific Societies. 

Your Committee, believing that much valuable scientific effort is being lost 
throughout the country for want of a system by which the labours of isolated 
workers can be brought forward, appointed a Subcommittee, with Sir Walter 
Elliot as Secretary, for the purpose of discussing and reporting whether some 
means can be taken for establishing closer relations than at present exist 
between Local Scientific Societies, which, as a rule, work independently each 
in their own circle, with little knowledge of what others are doing. It is 
thought that if such means can be adopted it may lead to something like 
unity of action amongst them, and to investigations productive of general 
results, as well as to the interchange of views and observations advantageous 
to Societies individually and to the cause of Science at large. The Subcom- 
mittee point out that this end may be accomplished in two ways : — 

1. By the publication annually, in a collected form, of observations or dis- 
coveries possessing general interest. 

2. By organizing a system of cooperation by personal or written com- 
munication, or both. 

The Subcommittee also suggest that delegates from certain selected So- 
cieties, varying from year to year, together with representatives from such 
Societies as may find it convenient to depute them, should meet along with 
the British Association, and that to them should be submitted any general 
questions of combined action or inquiry ; and that the Councils of Local 
Scientific Societies should place in their hands such contributions made to the 
Societies during the year as they may think it desirable to publish in a com- 
mon volume of Reports, the Court of Delegates being possibly assisted by the 
officers of Sections of the British Association acting along with them as a 
Committee of Selection. Your Committee think it right here to observe that 
all cost of publication and expenses incidental to such suggested Meetings 
must be defrayed by the Societies concerned. 

After some preliminary discussions, the Subcommittee determined to com- 
municate with as many of the Provincial Scientific Societies and Field Clubs 
as possible, explaining the objects for which the Subcommittee was appointed, 
and inviting them to consider the means by which the results of their opera- 
tions could be made available to each other and to the advancement of 
science at large. 

Circulars expressing the above-mentioned views were in June forwarded 
to ninety-four English, twenty-two Scotch, and eight Irish Local Scientific 
Societies. Replies cordially concurring in the plan have been received from 
the following ^cieties, several likewise engaging to send delegates to Brighton 
to deliberate further oh its details : — 

L Bath Natural-History Society and Field Club. 

2. Bristol Natural-History Society. 

3. Eastbourne Natural-History Society. 

4. Folkestone Natural-History Society. 

5. Ludlow Natural- History Society. 

6. Ludlow Field Club. 

7* Lunesdale Naturalists* Field Club. 

8. Maidstone and Mid Kent Natural-History and Philosophical Society. 
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9. Norfolk and Norwich Natural-History Society. 

10. Tam worth Natural- History and Geological Society. 

11. Tyneside Naturalists* Field Club. 

12. Northumberland, Durham, and Newcastle Natural-History Society. 

1 3. Whitby Literary and Philosophical Society. 

14. Largs (Scotland) Field Naturalists’ Society. 

Acknowledgments have been sent by many more, promising that the sub- 
ject shall receive their early attention. 

The Subcommittee find that proposals of a similar character to those which 
they now put forward have previously been made by several Societies and 
private individuals who have favoured them with communications. These 
plans have, however, for one reason or other, proved abortive. Your Com- 
mittee confidently hope that the Subcommittee on its reappointment may 
succeed in carrying out the objects aimed at. 

In concluding what must inevitably be a very incomplete first Report, 
your Committee have only to request that they may be reappointed, and to 
express the hope that, if you see fit to renew their powers, they may be able 
in the coining year to make further progress. 


Second Repaid of the Committee on Science- Lectures and Organiza- 
tion^ — the Committee consisting of Prof. Roscoe^ FM.S. (Secretary), 
Prof. W. G. Adams, FM.S*, Prof. Andrews, F.R.S., Prof. Bal- 
rouR, F,R,S,, J. BaJendell, FM.A,S,y F. J. Bramwell, F.R.S., 
Prof. A. Crum Brown, F,R.S,E,, Mr. T. Buchan, Dr. Carpenter, 
FR.S., Prof. Core, Warren De La Rue, F.fl.S., Prof. T. Dyer, Sir 
Walter Elliot, FL.S,, Prof. M. Foster, F,R,S., Prof. Flower, 
FKS,, Prof. G. C. Foster, FR,S,, Prof. Geikie, F.R.S., Dr. J. H. 
Gladstone, FM.S., Mr. Griffith, Rev. R. Harley, F.R,S., Dr. 
Hirst, F,R.S., Dr. Hooker, F.R,S., Dr. Huggins, F.R.S., Prof. 
Huxley, F.R,S., Prof. Fleeming Jenkin, F,R*S., Dr. Joule, 
F,R,S,y Col. A. Lane Fox, F,G,S., Dr. Lankester, F,R.S,, J. N. 
Lockyer, F.R.S,, Prof. Clerk Maxwell, F,R,S,, D. Milne-Home, 
F.R.S.E., Dr. O^Callaghan, LL.D., D,G.L., Dr. Odling, F.R.S., 
Prof. Ramsay, F,R,S,j W. Spottiswoode, F.JR.fif., Prof. Balfour 
Stewart, FM.S., H. T. Stainton, F.R.S. , Prof. Tait, F.R.S.E., 
J. A. Tinne, F.R.G.S., Dr. Allen Thomson, F.3?./S., Sir William 
Thomson, FM.S., Prof. Wyvillb Thomson, F.R.S., Prof. Turner, 

F. R.S.E.y Col. Strange, FM.S., Prof. A. W. Williamson, F.R.S.^ 

G. V. Vernon, F.R.A.S., and Dr. Young. 

The report of this Committee will on the present occasion consist entirely of 
proceedings originating in the various Subcommittees, and which have like- 
wise received the sanction of the full body. It will therefore be desirable to 
proceed without further delay to the business transacted by these Branch 
Committees. 
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Report of Subcommittee A on Organization as regards Science-Lectures. 

(Prof. Roscoe^ Secretary.) 

Subcommittee A on Science-Lectures have to report that a list has been 
printed, for private circulation only, of gentlemen who have kindly intimated 
to the Committee their readiness to undertake to aid the scheme by deliver- 
ing lectures on scientific subjects on terms which are indicated. As certain 
Members of the Committee are also willing to deliver lectures, the names of 
the Committee are appended. 

A short Circular, pointing out the aid which the Committee was thus 
willing to give, was forwarded (as a private communication) to about ninety 
Scientific Institutions throughout the country, with an intimation that a 
copy of the list of lecturers would be sent to any institution requiring assist- 
ance of the kind. Owing to the death of Mr. Askham, the late Clerk, the 
Secretary has been unable to learn the exact number of Institutions which 
have made application for the aid of the Committee ; but, judging from the 
numerous letters which he has received on the subject, he believes that the 
action of the Committee in this matter has proved useful, and that the aid 
which has thus been afibrded appears to be generally appreciated. 


Report of Subcommittee B on Organization as regards Meteorology. 

(Dr. Balfour Stewart, Secretary.) 

At a meeting of this Subcommittee, held at Albemarle Street, it was re- 
solved, “That in the opinion of the Committee it is desirable that the indivi- 
dual observations in magnetism and meteorology, which at present exist, 
should, as much as possible, be accessible to all those men of science who wish 
to make use of them. They therefore request their Secretary (Dr. Stewart) 
to put himself into communication with the Directors of the following British 
and Colonial observational establishments, with a view of ascertaining, — 

“(1) What unpublished individual observations in magnetism and mete- 
orology they possess, specifying the most important. 

“ (2) On what terms, if any, will they consent to open them up to men of 
science desirous of obtaining copies of them. 

“ British. — The Meteorological Committee ; the Greenwich Observatory ; 
Sir E. Sabine (Magnetical Superintendent); the Scottish Meteorological 
Society ; the Trinity House ; the Hudson-Bay Company. 

“ Colonial. — The Observatory at Mauritius ; Cape of Good Hope ; Mel- 
bourne ; Sydney ; Toronto ; Bombay ; Calcutta ; Madras.^’ 

The various replies to this communication are given at length in an 
appendix to this Report, and this Committee desire to express their thanks to 
the Directors of the various establishments, who, in sending their replies, 
have not only afforded much information regarding their unpublished obser- 
vations, but have likewise shown their willingness to open* up these observa- 
tions to men of science as much as possible 

* No communications have yet been addressed to foreign observatories. 

It is requested that any observer into whose hands this Report may fall, and who may 
have information he is willing to communicate, will have the goodness to forward the same 
to Dr. Balfour Stewart, The Owens College, Manchester 
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Report of Subcommittee C on Scientific Organization as regards Local 
Societies. (Sir Walter Elliot, Secretary.) 

The Subcommittee have given their best consideration to the instructions 
of the Committee, to report as to a plan for the systematic publication of the 
proceedings of local societies, with reference to the suggestion adopted at the 
Meeting held at Brighton, viz. to incorporate in an annual volume such 
papers as the societies considered worthy of reproduction, by means of a given 
number of additional copies struck off for the purpose. It was further 
added that the responsibility of selecting and publishing such papers as were 
offered should not be undertaken by the Association. 

The chief difficulty to the elaboration of any such scheme is the financial 
one. It has been found that none of the Provincial Societies are in a posi- 
tion to contribute towards the cost, either of editing and publishing such 
papers, or even of furnishing additional copies printed of a uniform size, 
especially where, as often happens, they are accompanied by plates. It is 
also found that the local publications are so irregular in appearing, that it 
would be no easy matter to get a sufficient number together, to allow of their 
being brought out in a volume simultaneously. Moreover some of the lead- 
ing societies, especially those of which the Transactions have attained some 
celebrity, object to the proposal, as tending to detract from the value of their 
own publications. 

Besides the plan specially referred to them, the Subcommittee have con- 
sidered other suggestions ; for example, the issue of a quarterly or monthly 
magazine, containing the best papers of the various learned societies, not con- 
fined to those of the provinces, with the titles of the rest, and a brief outline of 
the proceedings of each. But this appears to go beyond the scope of the 
Subcommittee’s deliberations, and to belong rather to an independent pub- 
lishing speculation. 

The Subcommittee, however, consider that a Handbook or List of Societies 
might be prepared annually, showing the names and addresses of the office- 
bearers of each, the day and place of meeting, and a list of the articles printed 
during the past year. 

It is believed that by this means a closer intercourse would be induced ; 
persons engaged in particular subjects of inquiry would be directed to sources 
of information bearing on their own investigations, and those engaged in 
similar pursuits would be led to assist each other. 

An intercourse so commenced will, it may be hoped, lead to more intimate 
relations, and so bring about that larger cooperation and union which it is 
the object of the Committee to promote. 

The Subcommittee believe that a Handbook of this description might be 
produced at a moderate cost. From the general approval of some plan of 
cooperation by the greater number of Provincial Societies, it is believed that 
they would readily purchase such an annual, the moderate cost of which would 
cover a part of the expenditure ; and it is recommended that the Committee 
should apply to the Council for a small grant to cover the remainder. 

At the Brighton Meeting, it was intimated by a member for the Society 
for Promoting Useful Knowledge, that if the Society resumed their publica- 
tions they would probably aid in bringing out such a work. 

H. E. Boscoe, Secretary to the Committee. 
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Appendix to the Report of Subcommittee B. 

The following replies have been received from the various observational 
institutions communicated with. 


Meteorological Committee. 


Meteorological Offlco, 

116 Victoria Street, London, S.W.» 

9th April, 1873. 

Dear Sir, 

In compliance with the request contained in your letter of the 28th of 
February, I am directed by the Meteorological Committee to enclose, for the 
information of the Observational Subcommittee of the Science- Organization 
Committee of the British Association, a list of the principal unpublished 
materials in this office. It is understood that an answer to your second 
question has been already given in my letter to Dr. lloscoe of April 80, 1872. 
(See First Keport.) Yours faithfully, 

Bobkrt H. Scott, Director, 


Balfour Stewart^ Esq., LL.D., 

The Owens College^ Manchester, 


The tabulated information received from the Meteorological Committee 
will be found at the end of this Appendix. 


Greenwich Ohservator^j, 


Royal Observatory, Greenwich, London, S.E., 
1873, March 3. 


My dear Sir, 

In reply to your inquiry (on the part of the British Association) of March 1, 
as to the extent of unpublished observations of magnetism and meteorology 
preserved in this observatory : — 

1. You will remark that the Greenwich Observations in extenso are in the 
library of the Philosophical Society of Manchester. Referring you to these 
volumes for the observations which arc published, I will state the following 
as the deficiencies, generally. 

2. The eye-observations of the three magnetometers (declination, horizon- 
tal force, vertical force) for every two hours, and sometimes more frequently, 
from 1841 to part of 1848, are printed in full. The indications derived from 
the photographic sheets for the salient points of the curves are printed in 
fuU from 1849 to 1867 ; after 1867 they are printed in detail only for the 
days of great disturbance, the means of the less disturbed days for useful 
purposes being printed. All the photographic curves exist, furnished with 
the base-lines and the tin^e-scales, which make the records immediately 
available. 

3. The means of numbers for all dips and measures of absolute force are 
printed ; the individual readings are not printed. 

4. The abstracts of meteorological observations are printed to an extent 
which you will best see in the Greenwich Observations. Few of the indivi- 
dual numbers are published j but the sheets of the two anemometers, the 
photographic sheets of the two thermometers (wet and dry), and of the 
barometer are all preserved and available. 

5. As to the terms on which observations can be communicated. The 
omitted observations &c. can only be copied in manuscript at this place, either 
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by the Officers of the Observatory, or by persons engaged to come here for 
the purpose. When limited extracts are required, 1 will have them made 
here at once. When the extracts required are long, I will give every 
facility to other persons ; the expense then ought to be borne, I think, by 
those who apply for them. 

I am, my dear Sir, 

Yours very truly, 

G. B. Airy. 


Professor Balfour Stewart. 


Scottish Meteorological Society, 

Scottish Meteorological Society, 
General Post-OfTice Buildings, 
Edinburgh, 13th May, 1873. 

Dear Sir, 

Your letter of 28th February last, enclosing the resolution of the Observa- 
tional Subcommittee of the Science-Organization Committee of the British 
Association, dated 13tli of the same month, was laid before the Council of 
this Society at their Meeting of 28th ult. 

In reply, the Council have instructed me to state that the more important 
of the unpublished individual Observations in Meteorology which this Society 
possesses are the following : — 

I. Ilegular daily observations made at the Society’s Stations, beginning with 
January 1857. The Stations at which the observations have been and are 
made are given in the successive Numbers of the Society’s Proceedings — the 
last issued of which I send by this post. The Stations are given on pp. 334- 
33() and 330-342. The nature of the observations will appear from the 
specimen of the Society’s Schedule sent herewith. The hours of observation 
are 9 a.m. and 9 p.m. At Stykkisholin, in the N.W. of Iceland, the hours are 
9 A.M., noon, and 9 p.m. 

In addition to the regular daily observations of atmospheric pressure, 
temperature, humidity, wind (direction and force), rain, and cloud, obser- 
vations are made at certain Stations on the temperature of the soil, of the 
s(‘a, and of wells, and on ozone. The Stations at which such observations 
are made will be seen by consulting p. 329 of J ournal sent. 

II. Observations for elucidation of special questions — 

1. Daily curves showing for every ten minutes the pressure, temperature 
of dry and wet bulbs, and the rainfall from Nov. 1868 to Nov. 1872. The 
self-registering instmments with which these curves have been made 
were designed under the superintendence of the Marquis of Tweeddale, in 
connexion with the growth of agricultural products. 

2. Observations, twelve times daily, at six Stations, on temperature of the 
soil (3, 12, 22 inches deep), together with observations of pressure, tempera- 
ture, humidity, wind, rain, &c. during these four months, viz. July and Octo- 
ber 1867, and January and April 1868. 

3. Observations on temperature of drained and undrained hill pasture, 
and of drained and iindi-ained arable land, at two Stations daily, from 1st 
October 1864 to 30th September 1865. 

4. Daily maximum and minimum temperatures as shown by thermometers 
(not blackened) fully exposed to the sun and weather, at 4 feet over ol4 
grass, at eight Stations, from Ist April 1861 to 30th March 1862. 
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5. A large number of Term-day Observations (hourly) of temperature of 
sea (Hebrides), together with observations of pressure, temperature, humi- 
dity, &c, duriog lb58-63. 

III. Old Eegisters : — 

1. From July 1767 to November 1827, at Gordon Castle, giving pres- 
sure, temperature, rain, winds, <fcc. daily, and for shorter intervals during the 
same period at Sion House, Edinburgh, Selkirk, &c. 

2. Daily register of pressure, temperature, and rain at Carbeth-Guthrie, 
from January 1817 to December 1859. 

3. Daily register of pressure, temperature, humidity, rain, &c. at Dollar, 
from April 1836 to present time. 

4. A number of other weather registers, — Edinburgh, 1820-36, Castle 
Newe, 1836-47, &c. 

lY. Monthly Means and Sums : — 

Of these may be specially mentioned the rainfall for individual months fur 
nearly the whole of 290 Stations, discussed in the Pajiers on the Scottish Rain- 
fall in Society’s Journal. 

As regard s the unpublished meteorological information possessed by the 
Society, the Council have hitherto supplied copies of any portion of it to all 
meteorologists or other scientific men who have applied for it, free of charge. 
The Council will still be glad to continue to do so in so far as the very limited 
means at their disposal will enable them. 

I am, yours faithfully, 

Alexander Buchan. 

Professor Balfour Stewart. 


Trinity Home [received through Dr, J. H. Gladstone ) . 

{Letter from Dr, Gladstone to Dr, Stewart.) 

17 Pembridge Square, London, 
28th April, 1873. 

My dear Professor Stewart, 

I ought perhaps to have told you long before this what has been done in 
regard to the Trinity House. In accordance with the desire of the Science- 
Organization Committee, I put myself in communication with the Elder 
Brethren about their meteorological records, and received the reply of which 
I enclose a copy. You will see that in fully acceding to our request they 
asked me to come and judge for myself as to the value of their records. On the 
first convenient Tuesday I accordingly went to Tower Hill, and found that 
they possessed most voluminous returns from all the Lighthouses, giving the 
state of the barometer and thermometer, the direction and force of the wind, 
with description of fog, cloud, &c. every three hours, drawn out on tabulated 
forms, of which I send you one not filled up. At the Floating Lights a log- 
book is kept, in which is entered very much the same particulars, but not so 
frequently during the day, and not in a tabulated form. 

Captain Nisbet, the Chairman of the Light Committee, spoke to me about 
the differences he had observed between the readings of different barometers 
and his endeavours to obtain the true correction for each. He has also tried 
to get “ fog-marks ” set up at the same distance from the different light- 
houses ; but at present there is no accepted definition as to where a mist 
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ends and a fog ” begins. He would be thankful to us for any suggestion 
on these or other points. 

From the enclosed Kegulations ” you will see that every Light-keeper on 
being first appointed as a supernumerary has to learn the use of the meteoro- 
logical instruments, and to obtain a certificate of competency in that and 
other duties. 

Believe me, 

Very truly yours, 

J. H. Gladstone. 

Professor Balfour Stewart^ FM.S. 

{Letter from Trinity House to Dr. Gladstone.) 

Trinity House, London, E.C., 
15th March, 1873. 

Dear Sir, 

Sir Frederick Arrow having placed your note of the 10th instant, with its 
enclosed resolution of the Science-Organization Committee of the British 
Association, before the Board, I am directed to assure you of the pleasure it 
will be to the Elder Brethren to afford any facilities to men of science for the 
inspection of the Trinity House meteorological records that may be compati- 
ble with their official purpose ; and 1 am to suggest that if you can make it 
convenient to attend here about half-past one o’clock on any Tuesday, the 
Light Committee will be happy to go fully into the matter with you. 

1 am, dear Sir, 

Your most humble Servant, 
(Signed) Bobin Allen. 

Dr. J. H. Gladstone^ F.B.S. 


Mauritius Observatory. 

Observatory, Mauritius, 
26th June, 1873. 


My dear Stewart, 

I enclose a copy of my answers to your questions. We are to make a bold 
attempt to publish all our observations on the spot. The first step is to find 
out the cost, and the next to raise the funds. The local government will be 
applied to for a small annual grant. If we get the necessary assistance, there 
need be no delay, as the greater part of the material is ready, all the meteoro- 
logical observations having been reduced. 

Yours truly, 

C. Meldrum. 


Answers to the Questions of the Subcommittee of the Science Organization. 

(1) The unpublished observations, belonging either to the Mauritius 
Observatory or to the Meteorological Society of Mauritius, are as follows : — 

(а) Observations of the principal meteorological elements taken since the 
Ist January, 1853, at and a.m. and p.m., and also for several years at 
noon. 

Since the 1st January, 1872, the a.m. observations have been discon- 
tinued, and others taken at 6 a.m. 

(б) Hourly meteorological observations on the 21st of each month, for a 
period of nineteen years and also during hurricane weather. 

1873. 2 l 
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(c) Barographic curves since February 1872. 

Id) An extensive collection of daily meteorological observations taken on 
board ships in the Indian Ocean for a period of twenty-five years. Since 1853 
these observations have been tabulated in chronological order. They afford in- 
formation respecting the atmospheric pressure and temperature, the direction 
and force of the wind, the state of the weather and sea &c., and amount to about 
250,676 of twenty-four hours each. 

(e) A separate collection of the details of the hurricanes, storms, and gales 
which have taken place in the Indian Ocean since 1847. 

(/) A large number of daily synoptic weather-charts of the Indian 
Ocean for different periods since 1853, and charts showing the tracks of 
hurricanes. 

((j) Observations of the absolute values and daily variations of the magnetic 
elements since February 1872. 

(h) Sun-spot observations taken three or four times a week since 1861). 

All these observations are valuable, but, considering the length of time 
and the locality, I think the meteorological observations are the most valu- 
able. 

(2) I have little doubt that the Observatory and the Meteorological Society 
would consent to open up the observations to men of science, on condition of 
their paying the expense of copying, and that they W’ould, as far as possible, 
give copies gratis. The best and cheapest way in the end, however, would pro- 
bably be to publish the observations in extenso, and to distribute copies of 
them. The Meteorological Society will do all in its power to accomplish this 
object. 

Mauritius Observatory, 

26th June, 1873. 


Cape of Good Hope Observatory. 

Royal Observatorv, Cape of Good Hope, 
1873, May 2. 

My dear Sir, 

With respect to your letter requesting copies of magnctical observations 
which have been made here. Soon after I came here I hunted these records 
up and completed their reductions, but the observations have not received my 
final examination. I hope, however, to get them printed this year, when 
copies shall be at once forwarded to you. I am sorry, however, to say that the 
observations do not appear of great value. However, such as they arc, you 
will soon have the results. 

Believe me. 

Yours very truly, 

Professor B. Stewart. E. J. Stone. 


Melbourne Observatory. 

Obnervatory, Melbourne, 
May 20, 1873. 

My dear Sir, 

I received your note and enclosure (resolution of the Observational Sub- 
committee of the B.A.) by last mail, and I am very glad to find a step has 
been taken in this most important direction. We shall be only too glad to 
make any arrangements we can to meet the end in view. I suppose, of 
course, there will be some general scheme adopted in which we can join. 
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In the mean time 1 enclose a memorandum showing how our observations 
in magnetism and meteorology now stand. 

Since the beginning of 1872 we have published the results of meteorological 
observations at Melbourne, and those of the stations in a more condensed 
form ; copies of this monthly Eecord are, I believe, sent to you every month, 
but I post another copy now in case I am mistaken. In this pamphlet you 
will see we give the results of our monthly observations for the absolute 
force of Terrestrial Magnetism. 

The (question, how to mahe all these available to such men of science as may 
wish to mahe use of them, is not easy to answer. Pentagraph or Photo copies 
of all the graphic records could be furnished; and MS. copies of such un- 
published other observations could also be made to be deposited in any con- 
venient j)lace that the Committee of the B. A. may decide upon. This, or 
any otlier ])]au, 1 sliould be glad to adopt in order to render our work of use 
and available. I shall be glad to h(jar what the Subcommittee recommend 
or decide upon, and I shall do my best to fall in with its views. 

Yours faithfull}^ 

liomUlT J. hlLLEEY. 


Balfour Stewart, Estf., Owens Colleye, 
Ma nchester. 


Maynetl c Ohser i 'a t Ions. 

Bciween 1(S()2 and the end of lSb7 occasional absolute determinations 
w(Te made with Lament's instruments, which are un])ublished ; from De- 
cember 1S(>7 regular monthly absolute determinations wtua^ made with the 
K(rw instruments, which are not published to tlu' end of 1871 ; also the 
Magiu'tograph Curves are complete from l)ec('mber 18()7, of which no results 
aix' 2 >ublished. 


j]Iet(oro lay I cal Observations, 

Barograidi Curves com])lete from August 1, 18(19 — not published. Ther- 
mograph Curv('s complete fromtianuary 21, 1870— not published. Meteoro- 
logical Observations for ^lelbourne and country stations, unpublished from 
January 1, 18();b to J)(‘cember 21 , 1871. From January 1, 1872, results of 
Meteorological and absolute Magnetical Observations have been imblished 
monthly. 


Sydney Observatory. 


Svdiioy Observatory, 
June 14, 1872. ‘ 


Dear 8iii, 

I am ill receipt of your letter Oth of March, cuelosiug a resolution of the 
Suheommittee of the British Association. 

I shall be glad to <assist you in any waj" 1 can. 

( I ) Our magnetic observations are few ; none were taken before 3k[r. 
Smalley's arrival in 1864, and, with the exception of a few determinations 
of variation and observations of dip at ditrerent 2 >(^rts of the colony, the rest 
were found at his death to ho wanting in some essentials for their reduction. 

At the present time the press of work, astronomical and meteorological 
(I have now more than forty stations), renders it impossible to do more than 
take the variation, hut L ii 02 >c in a few weeks to have a Declination Magne- 
to graph at work. 


2 E 2 
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I send you a short paper road before our Royal Society, in which I brought 
together ^ the available observations of variation at Sydney. So much may 
be of interest to science, but the curves of daily variation were only added 
for the use of our local surveyors. 

I have a great mass of meteorological work, of which only monthly means 
have been printed. I will by next mail send you a complete set of our pub- 
lished results, from which you will be able to see what the means are derived 
from, and whether any of the individual observations are likely to be of 
service. Generally the country results are taken from one observation (per 
day) at 9 a.m., and at Sydney trom three observations, 9 a.m., 3 p.m., and 9 p.m. 

Of self-registering instruments we have an Anemometer at work since 
1863, from which the direction of wind to sixteen points and the total velocity 
and mean daily force of wind have been published. 

A Barograph at work since 1870: mean daily and highest and lowest 
readings published. 

Two Pluviometers, one 65 and the other 7 feet above the ground : monthly 
amount from the one 65 feet high published. At work, one since 1867, the 
lower one since 1870. 

Two Tide-gauges, one at Sydney since 1867, the other at Newcastle since 
1870 ; no results published. 

(2) I cannot state on what terms they could be opened up to men of science 
until I know what is wanted, for it may be only a fraction of what I have 
mentioned would be of any use. 1 may say that if fifteen or twenty sets, such 
as 1 will send you next month, wiU meet the want, I will be glad to send 
them ; and if a portion only of the individual results are wanted, the Govern- 
ment here might perhaps grant money to print them if* asked to do so by the 
British Association. Youi-g faithfuUy, 

H. C. Bussell, 

Govt, Astronomer, 

Balfour Stewart, Esq.. 

The Givens College. 


Toronto Obsey'vatory . 

Magnetic Observatory, Toronto, Canada, 
April 10, 1873. 

Dear 8ik, 

I am in receipt of your letter of March 6, enclosing copy of resolution of 
Subcommittee of Scientific Committee of British Association. The individual 
observations made at Toronto are as follows : — 

Meteorological, from 1853 onwards. — 8ix daily observations of the ordinary 
elements at 6, 8 a.m., 2, 4, 10, 12 p.m.; continuous record of the wind ; 
and during 1870-71 bihourly observations of the ordinary elements through 
the 24 hours, on three days in the week. 

Of the above, the observations at 6 a.m., 2 p.m., 10 p.m., with the means 
of the six observations and the daily resultants of the wind for the whole 
day, have been always published in the ‘Canadian Journal.’ 

Magnetism — Besides the regular monthly determinations of Declination, 
Dip, and Horizontal Porce, six observations of the Differential Instruments 
have been taken daily since 1856, at the hours above named. Throughout 
the series, till recently, the disturbed observations have been separated and 
grouped in the manner adopted by Sir E. Sabine. 

Various deductions both from the Meteorological and Magnetical Observa- 
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tions have been published in three volumes to 1862, and others subsequently 
in the Canadian journals. For reasons, chiefly financial, I have been hindered 
from utilizing as I would wish the results of the Toronto observations, by 
issuing regular and frequent publications of them. I am now, however, 
printing a volume which will give the principal results derived from the 
Toronto observations from their commencement to the end of 1871. This 
will be followed, I hope, by regular annual volumes giving results of obser- 
vations from all the Canadian stations. 

Though willing to regard it as a duty to do all in my power to meet the 
wishes of your Committee, I think that it would be better to postpone any 
decision on the second question in the resolution till the first of the volumes 
shall have been printed. 

I am, dear Sir, 

Very truly yours, 

(t. T. Kingston. 

Balfour Stewart y Esq, 


Bombay Observatory, 

Kolaba Observatory, Bombay, 
April 18, 1873. 

Deah Sir, 

In reply to your letter of the 6th March, I subjoin a list of the unpublished 
observations in magnetism and meteorology at present in my possession. 


Maynetic Ohservatlous, 

Hourly readings of Magnetometers (Declination, Horizontal Force, and 
Vertical Force) from 1865*0 to 1873-0. 

Photographic traces from Magnetographs : — 

Declination from 1870*5 to 1873*0. 

Horizontal Force from 1870*7 to 1873*0. 

Vertical Force from 1872*1 to 1873*0. 


Meteorological Observations, 

Hourly readings of Barometer, Dry and Wet Thermometers, Ground 
Thermometers, and E-ain-Gaugcs, estimation of wind and cloudiness, and 
description of weather phenomena, from 1865*0 to 1873*0. 

Traces from Anemograph, direction and movement, from 1867*5 to 
1873*0. 

Photographic traces from Barograph, from 1871*9 to 1873*0. 

Photographic traces from Thermograph (Dry and Wet Thermometers), 
from 1872*0 to 1873*0. 

2. There is no present purpose of publishing the above In detail, but com- 
pilations of results of meteorological and absolute magnetical observations are 
published from time to time, the last volume issued including the years 
1865 to 1870 and some discussion of special observations. 

The absolute magnetical observations of Declination, Horizontal Force, 
and Dip are given in full detail. 

3. The reduction and discussion of the whole body of observations, mag- 
netical and meteorological, collected since 1846, is in progress at the Kolab^a 
Observatory. 
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1 should mention too that up to the year 1864 similar hourly observations 
to those described were printed, forming twenty-one large 4to volumes, and 
distributed amongst scientific bodies ; but that little use seeming to have been 
made of them outside this observatory, the expense thus incurred, amounting 
to many thousands of pounds, represents, up to the presejit day, little more 
than so much waste. This statement I may observe reflects no discredit upon 
scientific men, seeing that the labour of reduction of such multitudinous ob- 
servations is utterly beyond the power of any individual. Hut I think it 
justifies fully the course which the Government are now pursuing in devoting 
a part of the funds fonnerly granted for publication to the eliciting, by the 
agency of the observatory itself, of some scientific conclusions from the obser- 
vations. 

4. With reference to the Committee’s second inquiry, 1 heg to inform you 
that I am permitted by Government to sup])ly co])ies of observations on the 
same terms as those on which the ^leteorological Committee of London 
furnish copies of their records, viz. on condition that the a])plicant ])ays the 
expense incurred in producing the cojiies. Any moderate demands that 
would not seriously interrupt the regular work of the observatory, I should 
gladly meet under this sanction. 

T remain, 

JJi\ Balfoin' Stdvarf, Yours sincerely, 

Secretary of the OhservaiionaJ Suheommittee Cuaklks Citambkus. 

of the Orejanization Committee of the 
Brit ish Associ a i i ov . 


Calcutta Observatory , 


Meteorological Office, Calcutta, 
May 20, 187e*J. 


Dear Sir, 

I understand, from the Eeportof the Proceedings of the Observational Sub- 
committee of the Science-Organization Committee of the Pritish Association, 
that the Committee desires information what original meteorological registers 
exist in this ofiice which have not been published in detail. I a])})end a list, 
but would remark that many of the registers contain some cntri('s which are 
evidently erroneous. Copies of any of these that I consider trustworthy can 
be furnished to the British Association for the cost of copying. 

It obviously depends on the nature of the inquirer s olqect which of these 
registei's he would hold to be most important. In some respects I am inclined 
to regard Darjeeling as the most important, since it affords, what is rare in 
most parts of the world, a register (continuous for nearly six years) of a 
station at an elevation of about 7000 feet. Goalparah, at the embouchure of 
the Assam valley, is interesting for comparison with Darjeeling. 

The most complete and detailed register extant in Bengal is that of the 
Calcutta Observatory at the Surveyor-General's Office, which consists of 
hourly observations recorded continuously since 1853. These are very 
valuable, but are not equal to those of Bombay or Madras. 

Believe me, dear Sir, 

Yours faithfully, 

Henry E. Blanforu. 


Balfour Stewart, Ese/,, 

Secretary to Observational Subcommittee, 
British Association. 
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Port Blair From October 1867 to December 1872. 

Vizagapatam „ January 1870 „ ,, 

Akyab „ May 1866 „ „ wanting 1-13 June, 1867. 

False Point ,, January 1866 „ ,, 

Cuttack „ Juno 1867 „ „ 

Saugor Island „ January 1865 „ „ 

Chittagong „ June 1867 „ „ 

Jessore „ Dec. 1868 „ „ 

Dacca ,, January 1868 „ ,, 

Cachar „ July 1869 „ „ 

Hazaree haugh ... ,, Nov. 16 1868 ,, „ 

Berliam])ore ,, Nov. 1868 ,, „ 

Gya „ May to Dec. 1869 and January to December 1872. 

Patna ,, Dec. 18(>8 to December 1872. 

Mongliyr ,, Dec. 1868 „ ,, 

Darjeeling ,, July 1867 ,, „ 

GoalparaU ,, January 18(;9 ,, „ 

Shillong ,, June 18()9 ., „ 

Mai doll ,, AugUvSt 1869 „ „ 

Baucoovah ... ,, August 1869 to September 1872, wanting February, March, and 

July 1869. 

Miduaporc ... ,. August 1869 to December 1872, wanting «Tan. and Mar. 1870. 

Kajshahje ... ,, August 1869 to September 1871 . 

97p])erah ,, Feb. 1 8l»9 to December 1872, \\ anting April 1872. 

Soovy ,, Aug. 18(>7 ,, ,, wanting July and Sept. 1872. 

Fureediiore ..... „ January 1869 ,, „ 

Buxa ,, JanuaryI869 „ .. wanting May and Oct. 1870 

and Oct. 1872. 

Scebsaugor ... ,, January 1869 ,, ,, wanting Oct. 1872. 

Oowlialty „ January 1869 „ ,. wanting May 1870 and Nov. 

1872. 

Pooree ,, August 1867 1868. 

Chuprah . ... ., August 1867 to April 1869. 

Rajmahal ... „ Augu-st 1867 to January 1869. 

Nowgony January 1869 to April 1870, wanting Feb. and April 1869. 

Hudson^s Bay Company, 

Hud.son’s Bay House, 

1 Lime Street, Loudon, E.C., 
March 7, 1873. 

Sir, 

I have to acknowledge your letter of the 5th inst., and to state that the 
Hudson’s Bay Company have no unpublished information of the nature to 
which you refer. 

I think if j^ou apply to the Bishop of Biipert’s Land, Manitoba, you •will 
likcily obtain material assistance in the matter. 

I am, Sir, 

Your obedient Servant, 

W. Armit, 

Bdlfo^ar Stewart, Esq., Secretary, 

Manchester. 
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NOTICES AND ABSTRACTS 


OF 


MLSCELLANEOUS COMMUNICATIONS TO THE SECTIONS. 


MATHEMATICS ANI) PHYSICS. 

Address hij Prof. H. J. S. Smith, IT.H., F.E.S.^ President of the Section^ 

For several years past it lias been the custom for the President of this Section, as 
of the other Sections of the Association, to open its proceedinj^s with a brief address. 
I am not willing upon this occasion to deviate from the precedent set by my 
predecessors, although I feel that the task presents peculiar dilhculties to one who 
18 by profession a pure mathematician, and who in other branches of science can 
only aspire to be regarded as an amateur. 

But although I thus confess myself a specialist, and a specialist it may be said 
of a narrow kind, I shall not venture, in tne few remarks which I now propose to 
make, to indulge my own specialty too fir. 

I am well aware that we are certain in this Section to have a sufficient number 
f)f communications which of nec(\^sity as.'^^me a special and even an abstruse 
character, and which, whatever })aius may be taken to give them clearness, and 
however valuable may be the results to which they load, are nevertheless extremely 
difficult to follow, not only for a po])ular audience, but even for men of science 
whose attention has not been specially and recently directed to the subject under 
discussion. I should think it, therefore, almost unfair to the Section if, at the very 
commencement of its proceedings, 1 were to attempt to direct its attention in any 
exclusive manner to the subject which I confess, if I were left to myself, I should 
most naturally have chosen — the history of the advances that have been made 
during the last ten or twenty years in mathematical science: Instead, therefore^ 
of adventuring myself on this difficult counse, whitdi, however, I strongly recom- 
mend to some successor of mine less scrupulous than myself, I propose, though at 
the risk of repeating what has been better said by others before me, to offer some 
general considerations which may have a more equal interest for all those who take 
part in the proceedings of this Section, and which appear to me at the present time 
to be more than usually deserving of the notice of those who desire to promote 
the growth of the scientihe spirit in this country. I intend therefore, while 
confining myself as strictly as I can to the range of subjects belonging to this 
Section, to point out out one or two, among many, of the ways in which sectional 
meetings such as ours may contribute to the advancement of Science. 

We all know that Section A of the British Association is the Section of Mathe- 
matics and Physics ; and I dare say that many of us have often thought how 
astonishingly vast is the range of subjects which we slur over, rather than sum up, 
in this brief designation. We include the most abstract speculations of pure 
mathematics, and we come down to the most concrete of all phenomena, the 
most every-day of all experiences. I think I have heard in this Section a discuasioii 
on spaces of five dimensions; and we know that one of our Committees, a Committee 
1873. 1 
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which is of long standing, and*which hae done much useful work, reports to us 
annually on the Rainfall of the British Isles. Thus our wide range covers the 
mathematics of number and quantity in their most abstract forms, the mathematics 
of space, of time, of matter, of motion, and of force, the many sciences which we 
comprehend under the name of astroncmy, the theories of sound, of light, heat, 
electricity, and, besides the whole physics of our earth, sea, and atmospliere, the 
theory of earthquakcvS, tlie theory of tides, the theory of all movements of the air, 
from die lightest ripple that alfects the barometer up to a cyclone. As I have 
already said, it is impossible that communications on all these subjects should be 
interesting, or indeed intelligible, to all our members; and notwithstanding the 
pains taken by the Committee and by the Secretaries to classify the coinnuiiiications 
oftered to us, and to place upon the same da3^s those of which the subjects are 
cognate to one another, we cannot doubt that the disparateness of the material 
which comes before us in this Section is a source of seiious inconvenience to many 
members of the Association. Occasionally, too, tln‘ pressure upon our time is 
very great, and we are obligc'd to liurry oAcr the discussions on conmmuications of 
great importance, the uumlier of papers snlnnitted to us being, of course, in a direct 
proportion to the number of the subjects included in our programme. It has again 
and again been proposed to remedy ’ these admitted evils by dividing the Section, 
or at least by resolving it into one or more subst'ctions. But I confess that I am 
one of those who have ne\er regretted tliat this proposal has not commended 
itself to the Association, or indeed to the section itself. I have always felt that 
by so subdividing ourselves we should run tlie risk of losing one or two great 
advantages which we at present possess; and I will briefly state what, in ray 
judgment, these a{l^antages are. 

I do not wish to undervalue the us(‘ to a scientific man of listening to and 
taking part in dBcussions on subjects wiiicli lie wholly in the direction in which 
his own mind has been working. But 1 think, n('^ ertheicss, that most men who 
ha\e attended a Meeting of this Association, it asked wliat they have chiefly gained 
by it, would answer, in the f1r.>t place, that they liave had opportunities of forming 
or of renewing those acquaintam es o]- intimacies Avith other scientific men which, 
to most men engaged in scientific pursuits, are* an indispensable condition of suc- 
(•.essfiil work ; and in the second place, that while tliey may havi^ heard but little 
relating to their own immediate line of inquiry which they might not as easily have 
found in journals or transaction^ elsewhere, they have learned much which might 
otherwise have iieAer come to their knowledge of what is going on in other 
directions of scientific inqirrv, and that they have carried aAvay many new con- 
ceptions, many fruitful gtuuis of thought, caught perhaps from a discussion turning 
upon questions apparently v( ry remote from their own pursuits. An object just 
pi*rceptible on a distant hoiizon is sometimes better descried by a careless side- 
ward glance than by straining ilie siglit directly at it ; and so capricious a gift is 
the inventive faculty of the human mind, that the clue to the mystery hid beneath 
some complicated sv.stein of facts Avill sometimes elude the most patient and syste- 
matically conducted search, and }'et will reveal itself all of a sudden upon some 
casual suggestion arising in connexion with an appanmtly remote subject. I 
believe that the mixed character and Avide range of our discussions lias been most 
faA'ourable to such happy accidents. Jhit even apart from these, if the fusion in 
this Section of so many various branche,s of human knoAv ledge tends in some degree 
to keep before our minds the essential oneness of Science, it does us a good service. 
There can be no question that the increasing- specialization of the sciences, which 
appears to be inevitable at the present time, does nevertheless constitute one gi’eat 
source of danger for the future progre.‘JS of human knowledge. This specializatiou 
is inevitable, because the further the boundaries of knowledge are extended in any 
direction, the more laborious and time-absorbing a process does it become to travel 
to the frontier ; and thus the mind has neither time nor energy to spare for the 
purpose of acquainting itself with regions that lie far away from the track over 
which it is forced to travel. And yet the disadvantages of excessive specialization 
are no less evident, because in natural philosophy, as indeed in all things on which 
the mind of man can be employed, a certain Avidem ss of A ieAv is essfmtinl to the 
aeliievement of sny grejit rf*snlt. or to tin* diM*o\ery of ain thing renlly iieAv. The 
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twofold caution so often given by Ijord Bacon against over-generalization on the 
one hand, and against over-specialization on the other, is still as deserving as ever 
of the attention of mankind. But in our time, when vague generalities and empty 
metaphysics have been beaten once, and we may hope for ever, out of the domain of 
exact science, there can be but little doubt on which side the danger of the natural 
philosopher at present lies. And perhaps in our Section, as at present constituted, 
there is a freer and fresher air ; we are, perhaps, a less inadequate representation 
of that greater and common world ” of which Lord Bacon speaks, than if we 
were subdivided into as many parts as we include, I will not say sciences, but 
groups of sciences. Perhaps there is something in the very diversity and miilti- 
plicitv of the subjects which come before us wliich may serve to remind us of the 
complexity of the problems of science, of tlie diversity and multiplicity of nature. 

On the other hand, it is not, as it seems to me, difficult to assign the nature of 
the unity wJiich underlies the diversity of our subjects, and which justifies to a 
very great extent the juxtaposition of them in our Section. That unity consists 
not so much in the nature of the subjects themselves as in the nature of the 
methods by which they are treated. A mathematician at least (and it is as a 
mathematician 1 have the pri\ilege of addressing you) may be excused for con- 
tending that the bond of union among the pliysicai sciences is the mathematical 
spirit and tlie mathematical method which pervades them. As has been said with 
profound truth by one of iny predecessors in this chair, our knowledge of nature, 
as it advanct‘s, continuously resolves differences of quality into differences of 
quantity. All exact reasoning (indeed all roa«»oning) about quantity is mathe- 
matical reasoning ; and thus, as our knowh^dge increases, that portion of it which 
becomes mathematical increases at a still more rapid rate. Of all the great subjects 
which belong to the province of this Section, take that which at first sight is the 
least within the domain of mathematics ; 1 mean meteorology Yet the part which 
mathematics bears in meteorology increases every year, and seems destined to 
increase. Nut only is the theory of the simplest instruments of meteorology essen- 
tially mathematical, but the discussion of the observations — upon which, be it 
remembered, depends the hopes which are already entertained with increasing 
confidence of reducing the most variable and complex of all known phenomena to 
exact laws— is a problem which not only belongs wholly to mathematics, but 
which taxes to the utmost the resources of the mathematics which we now possess. 
So intimate is the union between mathematics and physics that probably by far 
the larger part of the ficcessions to our mathematical knowledge have been 
obtained by the efibrts of mathematicians to solve the problems set to them by 
experiment, and to create “ for each .successive class of phenomena a new calculus 
or a new geometry, as the case might be, which might prove not wholly inadequate 
to the subtlety of nature.” Sometimes, indeed, the mathematician has been 
before the physicist ; and it has happened that when some great and new question 
has occurred to the t‘xperimentalist or the observer, he has found in the armoury 
of the mathematician the weapons which he has needed ready made to his hand. 
But much oftener the questions proposed by the physicist have transcended the 
utmost powers of the mathematics of the time, and a fresh mathematical creation 
has been needed to supply the logical instrument requisite to interpret the new 
enigma. Perhaps I may be allow ed to mention an example of each of these two 
ways in which mathematical and physical discovery liave acted and reacted on 
e£wjh other. I purposely choose examples which are well knowui, and belong, the 
one to the oldest, the other to the latest times of scientific history. 

The early Greek geometers, considerably before the time of Euclid, applied 
themselves to the study of tlie various curve linos in which a conical figure may 
be cut by a plane — curve lines to wdiich they gave the name, never since forgotten, 
of conic sections. It is difficult to ima^'iiie that any problem ever had more 
completely the character of a “problem of mere curiosity ” than this problem of 
the conic sections must ha\e had in those earlier times. Not a single natural 
phenomenon which in the state of science at that time could have been intelligently 
observed was likely to require for its explanation a knowledge of the nature of 
these curves. Still h'ss can any application to the arts have seemed possible ; a 
nation which did not even use the arch were not likely to use the ellipse in any 
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work of construction. The difficulties of the inquiry, the pleasure of ^appling 
with the unknown, the love of abstract truth, c^n alone have furnished the cnarm 
which attracted some of the most powerful minds in antiquity to this research. 
If Euclid and Apollonius had been told by any of their cont^iporaries that they 
were giving a wholly wrong direction to their energies, and that, instead of 
dealing with the problems presented to them by nature, tliey were applying their 
minds to inquiries which not only were of no use, but which never could come to 
he of any use, I do not know what answer they could have given which might not 
now be given with equal or even greater justice to the similar reproaches which 
it is not uncommon to address to those mathematicians of our own day who study 
quantics of n indeteraiinates, curves of the wtli order, and, it may be, spaces of 
n dimensions. And not only so, but for prettv near two thousand years the 
expeiience of mankind would have justified the objection ; for there is no record 
that during that long period which intervened betw('en the first invention of the 
conic sections and the time of (falileo and Kepler the knowledge of these cun'es 
possessed by geometers was of the slightest use to natural science. And yet, 
when the fulness of time was come, these sec'ds of knowledge, that had waited 
so long, bore plentiful fruit in tlie discoveries of Kepler. If we may use the 
great names of Kepler and Newton to signify stages in the progress of human 
discovery, it is not too much to say tliat without tlie treatises of tlie (Ireek 
geometers on the conic sections there could have been no Kephn*, without Kepler 
no Newton, and without Newton no science in our modem sense of the term, 
or at least no such conception of nature as now lies at the basis of all our 
science, of nature as subject in its smallest as well as in its greatest phenomena, 
to exact quantitative relations, and to definite numerical laws. 

This is an old story ; but it has always seemed to me to convey a lesson, occa- 
sionally needed even in our own time, against a species of scientific utilitarianism 
which urges the scientific man to devote himself to the less abstract parts of 
science as being more likely to bear immediate fnut in the augmentation of our 
knowledge of the world without. I admit, however, that the ultimate good fortune 
of the Greek geometers can hardly be expected by all the abstract speculations 
which, in the form of mathematical memoirs, crowd the transactions of the learned 
societies ; and I would venture to add that, on the part of the mathematician, 
there is room for the exercise of good sense and, I would almost say, of a kind of 
tact, in the selection of those branches of mathematical inquiry which are likely 
to be conducive to the advancement of his own or any other science. 

I pass to my second example, of which I may treat very briefly. In the course 
of the present year a treatise on electricity has been published by Professor Max- 
well, giving a complete account of the mathematical theory of that science, as we 
owe it to the labours of a long series of distinguished men, beginning with Coulomb, 
and ending with our own contemporaries, including Professor Maxwell himself. 
No mathematician can turn over the pages of these volumes without very speedily 
convincing himself that they contain the first outlines (and something more than 
the first outlines) of a theory which has already added largely to the methods and 
resources of pure mathematics, and which may one day render to that abstract 
science services no less than those which it ow(‘g to astronomy. For electricity 
now, like astronomy of old, hiia placed before the mathematician an entirely new 
set of questions, requiring the creation of entirely new methods for their solution, 
while the great practical importance of telegraphy has enabled the methods of 
electrical measurement to be rapidly perfected to an extent which renders their 
accuracy comparable to that of astronomical observations ; and this makes it possi- 
ble to bring the most abstract deductions of theory at every moment to the test of 
fact. It must be considered fortunate for the mathematicians that such a vast field 
of research in the application of mathematics to physical inquiries should be thrown 
open to them at the very time when the scientific interest in the old mathematical 
astronomy has for the moment flagged, and when the veiy name of physical astro- 
nomy, so long appropriated to the mathematical development of the theory of gravi- 
tation, appears likely to be handed over to that wonderful series of discoveries 
which have already taught us so much concerning the physical constitution of the 
heavenly bodies themselves. 
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Having now stated, from the point of view of a mathematician, the reasons 
which appear to me to justify the existence of so composite an institution as Sec- 
tion A, and the advantages which that very compositeness sometimes brings to 
those who attend its meetings, I wish to refer very briefly to certain definite ser- 
vices which this Section has rendered and may yet render to Science.^ The im- 
provement and extension of scientific education is to many of us one of the most 
urgent questions of the day ; and the British Association has already exerted 
itself more than once to press the question on the public attention. Perhaps 
the time has arrived when some further efforts of the same kind may be desirable. 
Without a rightly organized scientific education we cannot hope to maintain our 
supply of scientific men, since the increasiivg complexity and difficulty of science 
renders it more and more difficult for untaught men, hy mere power of genius, to 
force their way to the front. Every improvement, therefore, which tends to ren- 
der scientific knowledge mor(‘. accessible to the learner, is a real step towards the 
advancement of science, because it tends to increase the number of well quali- 
fied workers in science. 

For some years past this Section has appointed a committee to aid the improve- 
ment of geometrical teaching in this country. Tlie Keport of this committee will 
be laid before the Section in due course ; and without anticipating any discussion 
that may arise on that Report, I tfiink 1 may say that it will show that we have 
advanced at least one step in tlie direction of an important and long-needed reform. 
The action of this Section led to the formation of an Association for the improve- 
ment of geometrical teaching ; and the members of that Association have now 
completed the first part of their work. They seem to me, and to other judges 
much more competent than myself, to have been guided by a sound judgment in 
the execution of their difficult task, and to have held, not unsuccessfully, a middle 
course between the views of the innovators who would uphold the absolute 
monarchy of Euclid, or, more properly, of Euclid as edited by Simson, and the 
radicals who would dethrone him altogether. One thing at least they have not 
forgotten, that geometry is nothing if it be not rigorous, and that the whole edu- 
cational value of the study is lost if strictness of demonstration be trifled with. 
The methods of Euclid are, by almost universal consent, unexceptional in point of 
rigour. Of this perfect rigoroiisness his doctrine of parallels, and his doctrine of 
proportion, are perhaps the most striking examples. That Euclid’s treatment of 
the doctrines of parallels is an example of perfect rigorousness, is an assertion 
which sounds almost paradoxical, but wEich I nevertheless believe to be true. 
Euclid has based his theory on an axiom (in the Greek text it is one of the postu- 
lates ; but the difference for our purpose is immaterial) which, it may be safely said, 
no unprejudiced mind has ever accepted as self-evident. And this miaxiomatic 
axiom Euclid has chosen to state, without wrapping it up or disguising it, not, for 
example, in the plausible form in which it has been stated by Playfair, but in its 
crudest shape, as if to warn his reader that a great assumption was being made. 
This perfect honesty of logic, tliis refusal to varnish over a weak point, has had its 
reward ; for it is one of the triumphs of modern geometry to have shown that the 
eleventh axiom is so far from being an axiom, in the sense which we usually attach 
to the word, that we cannot at this moment be sure whether it is absolutely and 
rigorously true, or whether it is a very close approximation to the truth. TVo of 
those whose labours have thrown much light on this difficult theory are at present at 
this Meeting— Prof. Cayley, and a distinguished German mathematician, Dr. Felix 
Klein ; and I am sure of their adherence wdien I say that the sagacity and insight of 
the old geometer are only put in a clearer liglit by the success which has attended the 
attempt to construct a system of geometrv, consistent with itself, and not contradicted 
by experience, upon the assumption of the falsehood of Euclid’s eleventh axiom. 

Again, the doctrine of proportion, as laid down in the fifth book of Euclid, is 
probably still unsurpassed as a masterpiece of exact reasoning, although the cum- 
brousness of the forms of expression which were adopted in the old geometry haa 
led to the total exclusion of this part of the elements from the ordinary course of 
geometrical education. A zealous defender of Euclid might add with truth that 
the gap thus created in the elementary teaching of mathematics has never beeu 
adequately supplied. 
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But after all has been said that can be said in praise of Euclid, the fact remains 
that the form in which the work is composed renders it unsuitable for the earlier 
stages of education. Euclid wrote for men, whereas his work has been used for 
children ; and it is surely no disparagement to the great geometer to suppose that 
after more than 2000 years the experience of generations of teachers can suggest 
changes which may make his ‘Elements,^ I will not say more perfect as a piece of 
geometry, but more easy for very young minds to follow. The difficulty of a book 
or subject is indeed not m itself a fatal objection to its use in education j for to learn 
how to overcome difficulties is one great part of education. Geometry is hard, just 
as Greek is hard ; and one reason why Geometry and Greek are such excellent edu- 
cational subjects is preciselv that tliey are hard. But in a world in which there is 
so much to learn, we must learn every thing in the easiest way in which it can be 
learnt ; and after we have smoothed the w'ay to the utmost of our power there is 
sure to be enough of difficulty left. I regard the question of some reform in the^ 
teaching of elementary geometry as so completely settled by a great concurrence of 
opinion on the part of the most competent judges, that 1 sYiould hardly have 
thought it necessary to direct the attention of the Section to it, if it were not for 
the following reasons : — 

Plrst, that the old system of geometrical instruction still remains (with but few 
exceptions) paramount in our schools, colleges, and universities, and must remain so 
until a very great consensus of opinion is obtained in favour of some one definite 
text-book. It appears to me, therefore, that the duty will eventually devolve upon 
this Section of the British Association, of reporting on the attempts that have been 
made to frame an improved system of geometrical education ; and if it should bo 
found that these attempts have been at last successful, I think that the British 
Association would lend the whole weight of its authority to the proposed change. 
I am far from suggesting that any such decision should be made immediately. The 
work undertaken by the Association for the improvement of geometrical teaching 
‘is still far from complete ; and even when it is complete it must be left to hold its 
own against the criticism of^all comers before it can acquire such an amount of pub- 
lic confidence as would justify us in recommending its adoption by the great teach- 
ing and examining bodies of the country. 

Secondly, I have thought it right to remind the Section of the part it has taken 
with reference to the reform of geometrical teaching, because it appears to me that 
a task, at once of less difficulty and of more immediate importance, might now be 
undertaken by it "with gi*eat advantage. There is at the present moment a very 
general agreement that a certain amount of natural science ought to be introducea 
into school educaition ; and many schools of the country have already made most 
laudable efforts in this direction. As far as I can judge, there is further a general 
agreement that a good school course of natural science ought to include some part 
or parts of physics, of chemistry, and of biology ; but I think it will be found that 
while the courses of chemistry given at our best schools are in the main identical, 
there is the greatest diversity of opinion as to the parts of physics and of biology 
which should be selected as suitable for a school education, and a still greater di- 
versity of opinion as to the methods which should be pursued in teaching them. 
Under these circumstances it is not surprising to find that the masters of those 
schools into which natural science has hardly as yet found its way (and some of the 
largest and most important schools in the country are in this class) are doubtful as 
to the course which they should take, and, from not knowing precisely what they 
should do, have not as yet made up their minds to do any thing of importance. 
There can be no doubt that the masters of such schools would be glad on these 
points to be guided by the opinion of scientific men ; and I cannot help thinking 
that this opinion would be more unanimous than is comm only supposed, and, further, 
that no public body would be so likely to elicit an expression of it as a Committee 
appointed by the British Association. I believe that, if such an expression of the 
opinion of scientific men were once obtained, it would not only tend to give a r^ht 
direction to the study of natural science in schools, but might also have the e&ct 
of inducing the public generally to take a higher and more truthful view of the 
objects wnich it is sought to attain by introducing natural science as an essential 
element into all courses of education. All knowledge of natui'Hl science that is im- 
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parted to a boy, is, or may be, useful to him in the business of his after life j but the 
claim of natural science to a place in education cannot be rested upon its practical 
usefulness only. ^ The great object of education is to expand and to train the mental 
faculties ; and it is because we believe that the study of natural science is eminently 
fitted to further these two objects, that we urge its introduction into school studies. 
Science expands the minds of the young, because it puts before them great and 
ennobling objects of contemplation ; many of its truths are such as a child can under- 
stand, and yet such that, while in a measure he understands them, he is made to 
feel something of the greatness, something of the sublime regularity, and of the im- 
penetrable nij^stery of the world in which he is placed. But science also trains 
the growing faculties; for science proposes to itself truth as its only object, and it 
presents the most varied and at the same time the most splendid examples of the 
different nientHl processes which lead to the attainment of truth, and which make up 
what we call reasoning. In science error is always possible, often close at hand ; 
and the constant necessity for being on our guard against it is one important part 
of the education which science supplies. But in science sophistry is impossible ; 
science knows no love of paradox ; science has no skill to make the worse appear the 
better reason ; science visits with a not long-deferred exposure all our foimness for 
preconceived opinions, all our partiality for views that we have ourselves maintained, 
and thus teaches the two best lessons that can well be taught — on the one hand the 
love of truth, and on the other sobiiety and watchfulness in the use of the iijider- 
standing. 

In accordance with these views I am disposed to insist very strongly on the im- 
portance of assigning to physics (that is to say, to those subjects which we discuss 
in this Section) a very prominent place in education. From the great sciences of 
observation, such as botany, or zoology, or geology, the young stud(']it learns to 
observe, or, more simply, to use his eyes ; he get^5 tluit education of the senses which 
is after all so important, and which a purely grammatical and literary education so 
wholly fails to give. From chemistry he learns, above all things, the art of experi- 
menting, and experimenting for himself. But from physics, bettor as it seems to 
me than from any part of science, he may learn to reason with consecutiveness and 
precision from the data supplied by the immediate observation of natural phe- 
nomena. I hope we shall see the time when each successive portion of mathe- 
matical knowledge acquired by the pupil will be made immediately available for his 
instruction in physics, and when every thing that he learns in the physical 
laboratory will be made the subject of mathematical reasoning and calculatioin In 
'some few schools I believe that this is already the case ; and I think we may hope 
well for the future botli of mathematics and physics in this country when the 
practice becomes universal. In one respect the time is favourable for such a 
revolution in the mode of teaching physical science. During the past few years a 
number of text-books have been made available to the learner which far surpass 
any thing that was at the disposal of former generations of pupils, and which are 
probably as completely satisfactory as the present state of science will admit. It is 
pleasant to record that these text-books are the work of distinguished men who 
have always taken a prominent pari in the proceedings of this Section. We have 
Deschanel’s ^Physics,’ edited, or rather rewritten, by Prof. Everett, a book remark- 
able alike for the clearness of its explanations and for the beauty of the engravings 
wdth which it is illustrated ; and, ptissing to works intended for students somewhat 
further advanced, wc have the treatises of Prof. Balfour Stew^art on heat, of Prof. 
Clerk Maxwell on the theory of heat, of Prof. Fleeming Jenkin on electricity, and we 
expect a similar threatise on light from another of our most distinguished members. 

These works breathe the very spirit of the method wdiich should guide both 
research and education in physics. They express the most profound and far- 
reaching generalizations of science in the simplest language, and yet with the 
utmost precision. With the most sparing use of mathematical technicalities, they 
are a perfect storehouse of mathematical ideas and mathematical reasonings. An old 
h'rencn geometer used to say that a mathematical theory was never to be considered 
complete till you had made it so clear that you could explain it to the first man you 
met in the street. This is of course a brilliant exaggeration ; but it is no exaggera- 
tion to say that the eminent 'writers to whom I have referred ha\e given something 



8 


report — 1873. 


of this clearness and completeness to such abstract mathematical theories as those 
of the electrical potential, the action of capillary forces, and the definition of absolute 
temperature. A great object will have been attained when an education in phj^si- 
cal science on the basis laid down in these treatises ha& become generally accepted 
in our schools. 

I do not wish to dose this Address without adverting, though only for one 
moment, to a question which occupies the minds of many of the friends of science 
at the present time — the question, What should be the functions of the State in 
supporting or organizing scientific inquiry ? I do not mean to touch on any of 
the difficulties which attend this question, or to express any opinion as to the con- 
troversies to which it has given rise. Ilut I do not think it can be out of place for 
the President of this Section to call your attention to tlie inequality with which, 
as between difierent branclw^s of science, the aid of Government is aftbrded. Na- 
tional observations for astronomical purposes are maintained by this as by every 
civilized country. Large sums of money are yearly expended, and most rightly 
expended, by the Government for the maintenance of museums and collections of 
mineralogy, botany, and zoology. At a very recent period an extensive chemical 
laboi’atory, with abundant appliances for research as well as for instruction, has 
been opened at South Kensington. But for the jilivsical sciences — such sciences 
as those of heat, light, and electricity — nothing has been done ; and I confess I do 
not think that any new principle would be introduced, or any great burden 
incurred, capable of causing alami to the most sensitive Chancellor of the 
Exchequer, if it should be deterniiBed to establish, at the national cost, institutions 
for the prosecution of these branches of knowledge, so vitally important to the 
progress of science as a whole. Perhaps, also, upon this general ground of fairness, 
even the pure mathematicians might prefer a modest claim to be assisted in the 
calculation and printing of a certain number of Tables, of wliicli even the physical 
applications of their science are beginning to feel the pressing need. 

One word further on this subject of State assistance to science, and I have done. 
It is no doubt true that for a great, perhaps an increasing, number of purposes 
science requires the assistance of the State ,* but is it not nearer to the truth to say 
that the State acquires the assistance of science ? It is my conviction that if the 
true relations between science and the State are not recognized, it is the State, rather 
than science, that will be the great loser. Witliont science the State may build a 
ship that cannot swim, and may waste a million or two on experiments, the futile 
result of which science could have foreseen. But without the State science haa 
done very well in the past, and may do very well in time to come. 1 am not sure* 
that we should know more of pure mathematics, or of heat, of light, or electricity 
than we do at this moment if we had had tlie lest help of the State all the time. 
There are, however, certain things which tlie State miglit do, and ought to do, for 
science. It, or corporations created by it, ought to undertake the responsibility of 
carrying on those great systems of observations which, having a secular character, 
cannot he completed w ithin the lifetime of a single generation, and therefore cannot 
be safely left to individual energy. One other thing the State ought to do for 
science. It ought to pay scientific men properly for the services whicn they render 
directly to the State, instead of relying, as at present, on their love for their work 
as a means of obtaining their services on lower terms. If any one doubts the justice 
of this remark, I would ask him to compare the salaries of the ollicers in the British 
Museum with those which are in other departments of the Civil Service. 

But what the State cannot do for science is to create the scientific spirit or to 
control it. The spirit of scientific discovery is essentially voluntary ; voluntary, 
and even mutinous, it wifi remain : it will refuse to be bound with red tape, or ria- 
den by officials, whether well meaning or perverse. You cannot have an Estab- 
lished Church in science ; and if you had, 1 am afraid there are many scientific men 
who would tu?n scientific nonconformists. 

I venture upon these remarks because I cannot help feeling that the great desire 
which is now manifesting itself on the part of some scientific men to obtain for 
science the powerful aid of the State may perhaps lead some of us to forget that it 
is self-reli^ce and self-help which have made science what it is, and that these are 
ttie qualities the place of which no Government help can ever supply. 
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Mathematics. 

On the Mercaior^s Projection of a Surface of Revolution, 

By Prof. Cayley, F,R.S, 

The theory of Mercator’s projection is obviously applicable to any surface of re- 
volution j the meridians and parallels are represented by two sj^stems of parallel lines 
at right angles to each other, in such wise that for the infinitesimal rectangles in- 
cluded between two consecutive arcs of meridian and arcs of parallel the rectangle 
in the projection is similar to that on the surface. Or, what is the same thing, drawing 
on the surface the meridians at equal infinitesimal intervals of angular distance, we 
may draw the parallels at such intervals as to divide the surface into infinitesimal 
squares ; the meridians and parallels are then in the projection represented bjr two 
systems of equidistant parallel lines dividing the plane into squares. And if the 
angular distance between two consecutive meridians instead of being infinitesimal 
is taken moderately small (5° or even 10°), then it is^easy on the surface or in piano ^ 
using only the curve which is the meridian of the surface, to lay down graphically 
the series of parallels which are in the projection represented by equidistant parallel 
lines. The method is, of course, an approximate one, by reason that the angular 
distance between the two consecutive meridians is finite instead of infinitesimal. 

I have in this way constructed the projection of a skew hyperboloid of revolu- 
tion : viz. in one figure I show the hyperbola, which is the meridian section, and 
by means of it (taking the interval of the meridians to be = 10°) construct the posi- 
tions of the successive parallels ; I complete the ligure by drawing the hyperbolas 
which are the orthographic projections of the meridians, and the right lines which 
are the orthographic projections of the parallels j the figure thus exhibits the ortho- 
graphic projection (on the plane of a meridian) of the hyperboloid divided into 
squares as above. The other figure, which is the Mercator’s projection, is simply 
two systems of equidistant parallel lines dividing the paper into squares. I remaii 
that in the first figure the projections of the right lines on the surface are the tan- 
gents to the bounding hyperbola ; in particular, the projection of one of these lines 
is an asymptote of the hyperbola. Tnis I exhibit in the figure, and by means of it 
trace the Mercator’s projection of the right line on the surface ; viz. this is a ser- 

S entine curve included between the right lines which represent two opposite rneri- 
ians and having these linos for asymptotes. It is sufficient. to show one of these 
curves, since obviously for any other line of the surface belonging to the same 
system the Mercator’s pro] ection is at once obtained by merely displacing the curve 
parallel to itself, and for any line of the other system the projection is a like curve 
in a reversed position. 

A Mercator^s projection might be made of a skew hyperboloid not of revolution ; 
viz. the curves of curvature might be drawn so as to divide the surface into squares, 
and the curves of curvature be then represented by equidistant parallel lines as 
above ^ and the construction would be only a little more difficult. The projection 
presented itself to me as a convenient one for the representation of the geodesic 
lines on the surface, and for exhibiting them in relation to the right lines of the 
surface; but I have not yet worked this out. In conclusion, it may be remarked 
that a surface in general cannot be divided into squares by its curves of curvature, 
but that it may be in an infinity of ways divided into squares by two systems of 
curves on the surface, and any such system of curves gives rise to a Mercator’s 
projection of the surface. 

On some Curves of the Fifth Class, By Professor W. K, Cliffori). 


On a Surface of Zero Curvature and Finite Extent. 
By Professor W. K. Clifford. 
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On certain Propositions in the Theory of Numbers deduced from EUiptic- 
transcendent Identities, By J, W. L. Glaisher, B,A, 

The paper consisted of a series of propositions in the theory of numbers deduced 
from iaentities either actually or implicitly given in Jacobi’s ^ Fundaiuenta Nova ' 
(Regiomonti, 1829), and of which the author believed some might be new. In this 
abstract the demonstrations are omitted, and only the enunciations of the proposi- 
tions, with one or two examples of each, are given. 

(i) Construct the following scheme : — 


I 

2 


4 

5 

6 



9 

10 

1 1 

12 




-3 

-6 

-9 

— 12 

-15 

-18 

-21 

-24 

-27 

-30 

-33 

-36 

-39 

-42 


5 

lO 

15 

20 


30 

35 

40 

45 

50 

55 

60 

65 

70 


-7 

-14 

-2l| 

oo 

1 

- 35 , 

-42 

-49 

-56 

-63 

-70 

i -77 

.z'l 


L 


9 

i8 

27 

36 

i 45 

54 

63 

72 


90 

! 99 

I 

108 


126 

i . • 

— II 

— 22 

-33 

-44 

;-55 

— 66 

1 

-77 

-88 

-99 

— no 1 

i — I2I : 

1-132 1 

-'43 

-154 

i 

1 •• 


•• 





.. 1 ^ .. 


. . 

i •• 


the mode of formation of which is evident ; then strike out all the numbers that 
cancel one another, and every number that remains is either a square or is expres- 
sible as the sum of two squares ; the converse proposition, that every number that 
is a square or is expressible as the sum of two squares wull remain, is also true. 
Thus, 1 = P, 2=1* + 12, 3 is cancelled, 4=2^, 5=2^4-I^ 7 are cancelled, 

8=2^ -f 2^, 9 is cancelled in the 3-line, but reappears in the 9-line, so that it re- 
mains as it ought to do, since it=3~, 10=3^-f P, 11 and 12 are cancelled, &c. 

(ii) Every number which is a square or expressible as the sum of two squares is 
of the form 2^(47n — n being any odd number, all of whose factors are of the 
form 4«+l, and / and m any positive numbers ; and if -^(n) denote the numbers of 
factors of n (unitv and ?i itself ijicluded), then the number of ways in which 
2^(4:7n — lfn can be expressed as the sum of two squares =lyf/-(ti)'y but if the 
number be a square, or the double of a square, the number of ways 

= or 

respectively (0* not being counted as a square). From this many well-known 
theorems follow at once. 

(iii) The following is the sieve” corresponding to that in (i) for numbers that 
are the sum of two odd squares. 


2 

6 

10 j 14 

18 

22 1 26 

1 

30 

34 38 

42 


-6 

-18 

-30 

-42 

-54 

-66 1 -78 

— 90 

— 102 j — 114 

— 126 


10 

30 

50 

70 

90 

no 1 130 

150 

170 1 190 

210 


-14 

-42 

-70 

- 9 S 

— 126 

-154 

— 182 

— 210 

— 238 —266 

1 

-294 


*• 

•• 

1 






1 

.. 



Every number that remains after the cancelling is the sum of two odd squares ,* and, 
vice versa, every such number remains. 

(iv) Every number that is the sum of two odd squares is of the form 2(4m— 1)^^ ; 
and every such number can be expressed as the sum of two odd squares in 
ways, unless it is the double of a square, whon, if of the form 2(4u/ — 1 )•, it cannot 
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be expressed as the sum of two unequal odd squares, and, if of the form 2(4m~l)V*, 
it can be so expressed in — ways — the letters meaning as in (ii). 

(v) Consider any number N, and let a be the number of ways in which it can be 
expressed as the sum of four squares, all different the number 

of ways, two of the four squares being identical j 0^2, when two pairs 

of squares are identical ; 03, when three squares are identical 6=*) ; 

and when all four are identical (4a*b Let /3,, /Sj, /SL be similar quantities de- 
noting respectively the number of ways in which N can be expressed as the 
sum of three squares, with none, two, or three identical. 

Let y, and 5 be similar quantities for two squares and one square, 

4- 2rt^, a^) ; 

then 

48(1-4“ 24 fl 2 ”h 1 2 ci 22 “l~Sa 3 “4“ 2a^ -4-24/3 -|- 12/3^-|- 4/3^ -j-(>y - 4 - 3^2 d" ^ 

= the sum of the factors of N, if N be odd, 

and 

= 3 X (the sum of the factors of n) if N is even, and = 2^'a, n being odd. 

Generali}", several of the quantities a, &c. will vanish ; and some must always, 
for two of the three ^ must be zero ; also and b vanish imless N is a square ; 
"225 y 2 vanish if N is odd ; and the letters a^, /Sg, y2, and b can only have the 

values 0 or 1 . 

Examples. — Take N=81; the factors are 1, 3, 9, 27, 81, of which the sum 
= 121. And 


81 = 364-25+ 16-1-4 = 64 4-9-f4-h4 = G4 + 16-i- 1 = 49-4- 16-|-16=3G-f30-f-9. 
Therefore 

a = l, 02 = 1,0=1, 02 = 2,5 = 1, and 48+24 + 24 + 12x2 + 1 = 121. 

Take N= 68=2^.17 ; and the sum of the factors of 17=18, which multiplied by 
3=64. And 68=49 +9 + 9+1 = 25 +25+ 9 +9 = 36+16 + 16 = 64 +4. 

Therefore 

02=1, 022=1, 02=1,7=1, and 24+12+12+6=54. 

(vi) A considerable reduction takes place when N is of the form 8/* + 7, in 
which case the formula merely becomes 

480+2402+80, = sum of the factors of N. 

Example. —Take N = 63; sum of factors = 104, and 

63 =494-9+44-1=36+25+14-1=25+25+9+4=36+9+9+9. 
Therefore 

0 = 1, 02=2, 03=1, and 48+48+8 = 104. 

(vii) Let A denote the number of w'ays in which any number N of the form 
8>^+4 can be expressed as the sum of four odd squares, all different; the num- 
ber of ways when two are identical ; A22 when two pairs are identical ; A3 and A^ 
when three and four respectively are identical. Then 

24A+I2A2+6A22+4A34- A^ = sum of factors of ^N. 


Example. — Take N =84, sum of factors of JN =32. And 

84=49+25+9+1=25+25+25+9=814-1 + 14 


Therefore 


A=l, A3 = 2, and 24-f 8=32. 


1 . 


(viii) Let [V] denote the number of ways in which any number N, divisible by 
8, can be expressed as the sum of eight odd squares, all different; [E2] the num- 
V>f‘r of ways when a pair are identical &c., so that, c. r/, [E23J denotes the number 
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of ways in which N can be expressed in the form [2*4] in 

the form 2a*-l-26*+4c* &c. Then 

40320 [1«] + 20160 [P2] + 6720 [1^3] + 10080 [1^2*] 

4- 1680 [14] + 3360 [1^23] + 336 [1\5] + 5040 [P2«] 

+ 840[]*24] + 1120 [P3*] -f 56 [P6] + 1680 [m] 

4- 168 [126] 4- 280 [134] + 8 [47] 4- 2520 [2^] 

4- 420 [2*4] 4- 660 [23*] 4- 28 [26] + 66 [36] 

+ 70 [4*] +[8] = xUN), 

x(n) being the sum of the cubes of all the factors of w. (= J N) which arc such that when 
« IS divided by any of them the quotient is odd, viz. = ^ “ being any factor of 

n such that - is odd. 
a 

Example. — Take N==96; therefore ^N=12 = l. 12 = 2.6 = 3.4, so' that the only 
factors that have odd cofactors are 12 and 4, whence x(8^)=12^^ + 4^^ = 1792. And 
96 = 494 25+ 94 9+1 + 1 + 1 + 1 = 81+9 + 1+1 + 1+1+1+1 
= 49+9+9+9+9+9 + 1 + 1 = 25+25+9+9+9+9+9+1 

= 25+25+20+9+9+1+1+1. 

Therefore 

[P24]=l, [P6]=l, [125]=2, [23*] = 1, and 840+ 66 + 3364 660=1792. 

{'ix) Every number that is the sum of six odd squares is of the form 8w+6 ; 
and if the half of such a number, being of the form 4// + 3, be resolved in any man- 
ner into two factors, one must be of the form 4/^ + 1 and the other of the form 
4w+3. Adopting a notation similar to that described in (viii), if 2s denotes any 
number of the form 8w+6, 

720 [P] + 360 [1 ‘2] + 120[1'’3] + 180 [1*2*] + 30 [P4] + 60 [123] + 6 [16] 
+ 90 [2‘] + 15 [24] + 20 [3*] + [6] = 

where = sum of the squares of all the factors of s that are of the form 4n+3, 
— sum of the squares of all those that are of the form 47i+l. 

Examples. — Take 2^=30, then 

8=1 . 15=3 . 5; ^(.s) = 152+3*-52-P=208, and K208)=26. 

And 30 = 25+1 + 1+1+1+1 = 0+9+9+1+1 + 1. 

Therefore [15]=1, [3*] = 1, and 6+20 = 26. 

Take 2s=270, then 

s=136, and ^(s) = 135*+27*+15*+3*-45*-9*-6*-] = 17056, 
so that i${s) = 2132. And it wdll be found that the decomposition into squares gives 
[P2]=l, [P3] = l, [1*2*] = 7, [P4]=2, [123]=5, [15]=2, [3*] = 1, 

and 

360+120+1260+60+300+12 +20 = 2132. 

(*) The above are the principal theorems proved, which were illustrated by several 
other examples. The paper concluded with an algebraical proof of the identity 

(l-2x+2z*-2xf'+...y + (2.ri+2x*+2/*‘+ . . .y = (1+2jc+2x*+2x^+ ... y, 

which resulted from the development of a process indicated by Gauss in his memoir 
“Zur Theorie der neuen Transscendenten,^^ Werke, t. iii. p. 447. 

[Since the paper, of which the above is an abstract, was read, Prof. H. J. S. Smith, 
who kindly looked through it at the author’s request, has pointed out to him that 
most of the theorems contained in it had been previously published by Jacobi, 
Eisenstein, and himself, though expressed in a somewhat different form. For 
references see Prof. Smith’s Report on the Theory of Numbers, Part VI. art. 127 
(British Association Report, 1866, pp. 335-338),] 
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On the Negative Minima of the Gamma function* 

By J. W. L. Glaisher, B.A* 

The definition of the gamma function usually adopted is in effect, that between the 
values 0 and 1 of ar it is defined by the equation r(a:4-l) = and for 

all other values of x by the equation r(ar-hl) = a7r(a?). 

The curve y=r(a?) has a minimum corresponding to 1*4616321 . . . , as is well 
known j but as r(a?) is infinite whenever a? is a negative integer, there are minima 
values of r(a;) between a?=— 1 and —2, ~2 and —3, &c. The author had deter- 
mined the positions of the first ten of these minima (or, algebraically considered, 
minima and maxima alternately) to four places of decimals, and also their values, 
tlie chief object being to obtain data to form a moderately accurate drawing of the 
curve. The abscissm of the minima were found by the aid of the table of ^(x) 
in Gauss’s Gottingen memoir of 1812 and Oakeses Table of Reciprocals, as fol- 
lows. Writing, with Gauss, n(a?) for r(a?-f 1) and logf a? (Gauss’s ^(a?)) for 
II'(a?)-r-n(a?), the first minimum corresponds to the abscissa — l+the root of 

logf ^ = ^ 


the second to the abscissa, — 2 + the root of 


logf* = - + 

the third to -- 3 -{- the root of 

logf x = l + 


On the Introduction of the Decimal Point into Arithmetic, 

By J. W. L. Glaisher, B.A, 

The following is an extract from Peacock’s excellent history of Arithmetic in 
the * Encyclopaedia M etropolitana,’ which forms the standard (not to say the only) 
work on the subject. Speaking of Stevinus’s ^ Arithnn^tique,’ Peacock writes: — 
“We find no traces, however, of decimal arithmetic in this work,- and the first 
notice of decimal, properly so called, is to be found in a short tract which is put 
at the end of his ‘ Arithmetique ’ in the collection of his works by Albert Girard, 
entitled ^La Disme.’ It was first published in Flemish, about the year 1590, and 
afterwards translated into barbarous French by Simon of Bruges .... Whatever 
advantages, however, this admirable invention, combined as it still was with the 
addition of the exponents, possessed above the ordinary methods of calculation in 
the case of abstract or concrete fractions, it does not appear that they were readily 
perceived or adopted by his contemporaries. . . . The last and final improvement 
in this decimal Arithmetic, of assimilating the notation of integers and decimal 
fractions, by placing a jwint or comma between them, and omitting the exponents 
altogether, is unquestionably due to the illustrious Napier, and is not one of the 
least of the many precious benefits which he conferred upon the science of cal- 
culation. No notice whatever is taken of them in the ^ Mirifici Logarithmorum 
Canonis Desciiptio,’ nor \n its accompanying tables, which was published in 1614. 
In a short abstract, however, of the theory of these logarithms, with a short 
table of the logarithms of natural numbers, which was published by Wright, 
1616, we find a few examples of decimals expressed with reference to the deci- 
mal point ; but they are first distinctly noticed in the ^ Rabdologia,’ which was 
published in 1617. In an ^ Admonitio pro decimali Arithmetica ’ he mentions in 
terms of the highest praise the invention of Stevinus, and explains his notation; 
and, without noticing his own simplification of it, he exhibits it in the follow- 
ing example, in which it is required to divide 861094 by 432. . . . The quotient is 
1993,273 or 1993, 27"3'", the form under which he afterwards vTites it, in partial 
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conformity with the practice of Stevinus. The same form is adopted in an ex- 
ample of abbreviated multiplication which subsequently occurs .... The preceding 
statement will sufficiently explain the reason why no notice is taken of decimah 
in the elaborate explanations which are given by Napier, Briggs, and Kepler, of 
the theory and construction of logarithms; and indeed we find no mention oi 
them in any English author between 1619 and 1061. In that year the ^ Loga- 
rithmicall Aritlimotike ’ was published by Gelli brand and other friends of Briggs 
(who died the year before), with a much more detailed and popular explanation 
of the doctrine of logarithms than was to be found in the ‘ Arithmetica Loga- 
rithmica.’. . . .From this period we may consider the decimal Arithmetic as fully 
established, inasmuch as the explanation of it began to form an essential part of 
all books of practical aiithnietic. The simple method of marking the separation 
of the decimals and integers by a comma, of which Napier has given a solitary 
example, was not, however, generally adopted.” 

Be Morgan (^Arithmetical Books,’ 1847, p. xxiii) writes : — Dr. Peacock mentions 
Napier as heing the person to whom the introduction [of the decimal point] is un- 
questionably due, a position which I must dispute upon additional evidence. The 
inventor of the single decimal distinction, be it point or line, as in 123'4d6 or 126|456, 
is the person who hrst made this distinction a permanent language, not using it 
merely as a red in a procesSy to be useful in pointing out afterwards how another 
process is to come on or lang-uage is to be applied, but making it his final and 
permanent indication as well of the way of pointing out where the integers end 
and the fractions begin, as of the manner in which that distinction modifies opera- 
tions. Now, first, I must submit that Napier did not do this; secondly, that if 
he did do it, Richaixi Witt did it before him.” 

De Morgan then states that he has not seen Wriglit’s translation of 1616; but he 
proceeds to examine Napier s claim as resting on the two examples in the * Kab- 
dologia,’ in the first of which a comma is used, but only in one place. After 
this examination he proceeds: — cannot trace the decimal point in this; but if 
required to do so, I can see it more distinctly in Witt, who published four years 
before Napier. But 1 can hardly admit him to have arrived at the notation of 
the decimal point. . . .” ^ 

I agree with De Morgan in all that he has stated in the above extracts, and 
do not think that the single instance of the comma used in the course of work, 
and replaced immediately afterwards by expomuitial marks, is a sufficient ground 
for assigning to Napier the invention of the decimal point, or even affords a pre- 
sumption that he made use of it at all in the expression of results. 

Still one of the objects of this paper is to claim (provisionally, of course, till 
evidence of any earlier use is produced, if such there be) the invention of the 
decimal point for Napier, but not on account of any thing contained in the ‘ Rab- 
dologia.’ The mathematical works published by Napier in his lifetime (he died 
in 1617) were his ^Mirifici Logarithmorum Canonis Descriptio,' 1614, containing 
the first announcement of the invention of logaritlims, and the ^Rabdologia,^ 
1617, giving an account of his almost equally remarkable (as it was thought at 
the time) invention of numbering rods or “bones.” In 1619, two years after his 
death, the * Mirifici Logarithmorum Canonis Constructio,’ containing the method of 
construction of the canon of logarithms, was published, edited by his son ; and in 
this work the decimal point is systematically used in a manner identical with 
that in which we employ it at the present day. I can find no traces of the decimal 
point in Wright’s [translation of the ‘ Descriptio,’ 1616; and, as De Morgan says, 
the use of the decimal separator is not apparent in Witt. The earliest work, 
therefore, in which a decimal separator was employed seems to be Napier’s 
posthumous work the ^ Constructio’ (1619), where the following definition of the 
point occurs on p. 0: — “In numeris periodo sic in se distinctis, quictjuid post 
pcriodum notatur fractio est, cujus denominator est unitas cum tot cyphrispost se, 

* In an essay “On some points in the history of Arithmetic” (Companion to the 
Almanac for 1851), Be Morgan has further discussed the invention of the decimal point, 
but in the same spirit as regards Napier. lie seems never to have seen Napier’s ‘ Con- 
struct-io’ of 1619 ; and the work is very rare. The only copy I have been able to see is 
that in the Cambridge University Library. 
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qiiot sunt figuras post periodum, Ut 10000000 04 valet idem, quod 10000000^4^. 
Item 25*803, idem quod Item 9999998*0005021, idem valet quod 

9999908^^1 & SIC de caeteris.’^ On p. 8 we have 10*502 multiplied by 3*216, 

and the result found to be 33*774432 j and on pp. 23 and 24 occur decimals not 
attached to integers, viz. *491)9712 and ‘OOOIOoO. These show that Napier was 
in possession of all tlie conventions and attributes that enable the decimal point 
to complete so symmetrically our system of notation, viz. (1) he saw that a point 
or separatrix was quite enough to separate integers from decimals, and that no 
signs to indicate primes, seconds, See. were required; (2) he used ciphers after the 
decimal point and prc'ceding the first significant figure ; and (3) he had no objec- 
tion to a decimal standing by itself without any integer. Napier thus had com- 
plete command over decimal fractions, and understood perfectly the nature of the 
decimal point ; and I believe (except, perhaps, Briggs) he is the first person of 
wdiom this can be said. When 1 lir.st read the ^ Oonstructio ’ I felt some doubt 
as to whether Napier really appreciated the value of the decimal point in all its 
bearings, as he seemed to have regarded it to some extent as a mark to separate 
figures that were to bo rejected from those that were to be retained ; but a careful 
examination has led me to believe that his views on the subject were pretty nearly 
identical with those of a modern arithmetician. There are perhaps 200 decimal 
points in the book, affording abundant evidence on the subject. 

The claim of Napier to the invention of the decimal point is not here noticed 
for the first time, as both Belambre (‘ Hist, de TAstron. mod.,' t. i. p. 497) and 
Hutton allude to the decimal fractions in the ‘ Constrnctio ’ (though the latter 
claims priority for Ihtiscus), and Mr. Mark Napier (^Memoirs of John Napier,’ 
p. 454) devotes a good deal of space to it. 

Briggs also used decimals, but in a form not quite so convenient as Napier. 
Thus he writes 63*0957379 as 630957379, viz. he prints a bar under the decimals: 
this notation first appears, without any explanation, in his ^ Lucubrationes,’ ap- 
pended to tlio ‘ Oonstriictio Briggs used this notation all his life (he died in 
1631), and lie explains it in the ‘ Arithmetica Logarithmica ’ of 1624. Oughtred’s 
symbol, first used (as far as I know) in his ^ Arithmeticse in niimeris . . . Clavis,’ 
1631, differed only from Briggs’s in the insertion of a vertical bar to separate the 
decimals from the integers more completely — thus, 63 0957379. Oughtred’s and 
Briggs’s notations are essentially the same, tin* improvement of the former being 
no doubt due to the uncertainty that j^onietiraes might be felt as to which was 
the first figure above Briggs’s line. From an inspection of MSS. of Briggs and 
Oughtred (the Birch MSS. contain a letter of Briggs to Pell ; and the Royal Society 
has a Peter Ramus, with many of his MS. notes, while the Cambridge University 
copy of the ^Constrnctio’ is annotated in MS. by Oughtred) it is apparent that, 
in writing, Briggs and Oughtred both made the separating rectangle in exactly 
the same way; viz. tluy wrote it 6.‘ 1 0957379, the upright mark usually being just 
high enough to fix distinctly wliat two figures it was intended to separate, and they 
rarely took the trouble to continue the horizontal line to the end of the decimals 
if there were many. Thus Oughtred Avas a follower of Briggs, and only made an 
improvement in the printed notatkm. It is clear that, in writing, Briggs’s rect- 
angle was pretty nearly as convenient as Napier’s point ; and there is every proba- 
bility that Briggs appreciated all the properties of the separatrix ” as clearly as 
Napier ; but in his 8 pp. of ‘ Lucubrationes ' he has left much less to judge by than 
has Napier. In 1624, as we can see from his ‘ Arithmetica Logarithmica,’ he had 
full command over decimal arithmetic in its present form (except that he used 
the rectangular separatrix ” instead of the point. Gunter was a follower of 
Napier, and employed the point (but see l)e Morgan). In his ^Description and 
use of the Sector’ (1623) he uses the point throughout pretty much as we do at 
present (e.g. p. 40 of the ^ First Booke of the Crosse-Stafle,’ As 4*50 unto 1*00 : so 
1*000 unto 0*222 ”), except that he called the decimals parts in the text. In Roe’s 

♦ A curious blunder is made in Bartholomew Vincent’s reprint of the *' Constructio,’ 
Lyons, 1620 (of which there is a copy in the Royal Society's Library). The printer, un- 
aware that the position of Briggs’s subscript rules had any meaning, has disposed them 
symmetrically under all the iigurcs. 
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* Tabula Loffaritlimica, or Two Tables of Logarithmes ’ (1(333), the explanatory 
portion of which was written by Wingate, decimal points are used everjrwhere ; 
thus we have (p. 29) As 1 is to *079578 : so is the square of the circumference to 
the superficiall Content ,* ” and he takes the case of circumference 88*75, and 
obtains by multiplication (performed by logarithms) G26*8 for the result. Wingate 
refers for explanation on the decimal point to his ‘Arithmetic j ’ but I have not seen 
any edition of this work that was published previously to Roe’s tables (Watt gives 
one 1630). In his ^ Construction and Use of the Line of Proportion,’ 1628, Wingate 
also uses decimals and decimal points. 

On the whole, therefore, it appears that both Napier and Briggs saw that a 
mere separator to distinguish integers from decimals was quite sufficient without 
any exponential marks being attached to the latter — but that Napier used a simple 
point lor the purpose, wliile Briggs employed a bent or curved line, for which in 
print he substituted merely a horizontal bar subscript to the decimals — that Gunter 
and Wingate followed Napier, while Oughtred adopted Brigg-s’s method and made 
an improvement in the mode of printing it. Napier has left so many instances 
of the decimal point as to render it pretty certain tliat he thoroughly appreciated 
its use 'y and there is every reason to believe that Briggs had (in 1619) an equal 
command over his separator, although there are not enough printed instances of 
that date to prove it so conclusively as in Napier’s case (there is no instance in 
the ^ Lucubrationes ’ in which a quantity begins with a decimal point ; and there 
could not well be one), Napier did not use the decimal point in the ^ Descriptio ’ 
(1614), nor in his book of arithmetic, first printed under the editorship oi Mr. 
Mark Napier in 1839 ; and there is only the single doubtful case in the ‘Rabdo- 
logia,’ 1617 ; so that there is reason to believe that he did not regard it as generally 
applicable in ordinaiy aritlimetic. The only previous publication of Briggs’s that 
I nave seen is his ^ Ohilias,’ 1617, which contains no letterpress at all. The 
fact that Napier and Briggs use different separating notations is an argument 
against either having been indebted to the other, as whoever adopted the other’s 
views would probably have accepted his separator too. It is doubtful whether, if 
Napier had written an ordinary arithmetic at the close of his life, he would have 
used his decimal point. Wingate employed the point wdth much more boldness, 
and regarded it much more in the light of a permanent symbol of arithmetic 
than did (or could) Napier. The Napierian point and the Briggian separator 
differ but little in writing; and as far as MS. work is concerned it is quite easy to 
see why many should have considered the latter preferable ; for it was clear, and 
interfered with no existing mark. A point is the simplest separator possible ; but 
it had already another use in language. In all the editions oi Oughtred’s ^ Clavis ’ 
(which work held its ground till the beginning of the last century) the rectangular 
separator was used ; and it is not unlikely that it was ultimately given up, for the 
same reason as that which I believe will lead to the abandonment of the similar 
sign now used in certain English books to denote factorials, viz. because it was 
troublesome to print. But be this as it may, it is not a little remarkable that the 
first separator used (or, more strictly, one of the first two) should have been that 
which was finally adopted after a long period of disuse. AU through the seven- 
teenth century exponential marks seem to have been common, on which see the 
accounts in Sir Jonas Moore’s ^ Moor’s Arithmetick,’ London, 1660, p. 10, and 
Samuel Jeake’s ^ Corapleat Body of Arithmetick,’ London, 1701 (written in 1674), 
p. 208, which are unfortunately too long to quote in this abstract. 

In his account Peacock is inaccurate in saying that the ^ Logarithmicall Arith- 
metike’ was published by Gellibrand and others, the mistake having arisen no 
doubt from a confusion with the ‘ Trigonometria Britannica,’ 1 633 ; and in any 
case the reference is not a good one, as the ‘ Ari thine tike ’ of 1631 shows (for 
reasons which must be passed over here) a less knowledge of decimal arithmetic 
than do any of the chief logarithmic works of this period. Also Bnggs died in 
1631, not 1630. 

^ There is no doubt whatever that decimal fractious were first introduced by Ste- 
vinus in his tract ^La Disme,’ I)e Mor^n Q Arithmetical Books,’ p. 271 is q^uite 
right in his inference that it appeared in French in 1585 attached to the ‘Pratique 
d’Arithm^tique.’ A copy of this work (1585) with ‘ La Disme ’ appended is now 



TRANSACTIONS OP THE SECTIONS. 


17 


in tlie British Museum. On the titlepage of the ^Disme ’ are the words ‘‘Premiere- 
ment descripte en Flameng, & maintenant conuertie en Francois, par Simon Stevin 
de Bruges.’^ These words, appearing also in Albert Girard’s collected edition of 
Stevinus’s works (1034), no doubt gave rise to De Morgan’s inference that *^ the 
method of decimal fractions was announced before 1685 in Dutch.” The Cambridge 
University Library possesses a 1685 copy entitled De Thiende . . . Beschreyen 

door Simon Stevin van Brugghe Tot Leyden, By Christodel Plantijn, 

M.D.LXXXV ” (privilege dated December 20, 1584) ; and there seems every reason 
to believe, in the absence of any evidence to the contrary, that this was the first 
edition of this celebrated tract, l^eacock’s statement that it was first published 
in Flemish about the year 1590, and afterwards translated into barbarous French 
by Simon of Bruges,’^ is also, I suspect, founded on no other evidence than the 
sentence on the titlepage of the ^Disme,’ which appears also in Girard. De 
Morgan rightly remar ks that Simon of Bruges is Steviniis himself, but he cannot 
tell whence Peacock derived the date 1590. It is probable that it was merely a 
rough estimate obtained by considering the dates of the other works of Stevinus. 

Stevinus’s method involved the use of his cumbrous exponents : thus he wrote 

27’847 as 27 0 8^ lj)4' 2)7(^^, and read it 27 commencements, 8 primes, 

4 seconds, 7 thirds ; and the question chiefly noticed in this abstract is the conside- 
ration of who first saw that, by a simph^ not^itiou, the exponents might be omitted, 
and introduced this abbi'eviation into arithmetic. 

Napier’s ‘ Ilabdologia ’ was translated into several languages soon after its ap- 
pearance ; and 1 have taken some pains to examine the different ways in which the 
translators treated the example which l*eacock regarded as the first use of the 
decimal point, as we can thereby infer something with regard to the state of 
decimal arithmetic in the different countries. Napier (1G17) wrote 1993,273 in 
the work and 1993,2'7"3"' in the text. In Ijocatello’s translation (Verona, 1623) 
this is just reversed, viz. there is 1993.27"3"' in the work iuid 1993,273 in the text. 

The Lyons edition (1626) has 1993,273 in the work and 1993,2 7 3 (J) 

in the text, while De Decker’s edition (Gouda, 1626) has 1993,278 in the work, 

and in the text 1993 2 7 3 3^ , the last being exactly as Stevinus 

would have written it. TJrsinus’s ‘ Bhabdologia Neperiana,’ Berlin, 1623, is not an 
exact translation j and the example in question does not occur there. 


tSo7ne JSwjgesticns towards the Formation of an extended Table of Lomrithms. 

By G. 0. Hanlon. 


On the Theoi'y of Differ e^itial Resolvents. 

By the llev. Bobekt Hakley, F,R.S. 

In the earlier development of the theory of differential resolvents attention was 
confined almost exclusively to certain trinomial forms of algebraic equations, and 
the resolvents were calculated for these forms. A connexion not before noticed 
was found to exist between algebraic and differential equations j and results re- 
markable for tbeir simplici^ and elegance were obtained. Some of these results 
have been laid before the Section at former Meetings (see Reports of the Asso- 
ciation, ^ Transactions of Sections,’ 1862, pp. 4, 6 ; 1865, p. 6 ; 1866, pp. 2, 3). 

Every differential resolvent may be regiirded under two distinct aspects: it 
may be considered either (first) as giving in its complete integration the solution 
of the algebraic equation from which it has been derived, or (secondly) as itself 
solvable by means of that equation. The two equations, the algebraic and the 
differential, are in fact coresolvents. The subject was first considered in the former 
aspect by Sir James Cockle, the originator of the theory, and by Mr. Harley ; and 
their researches will be found embodied in various papers published in the ‘ Phi- 
1873. 2 
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losophical Magazine/ the ‘Quarterly Journal of Mathematics,’ the ‘ Manchester 
Memoirs/ and the ‘ Proceedings of the London Mathematical Society.’ It has 
been shown that every differential resolvent is satisfied, not only by each of the 
roots, h\xt also by each of the constituents of the roots of the algebraic equation to 
which it belongs, and that these constituents are in fact the particular integrals of 
the resolvent equation. In the latter aspect every differential resolvent of the form 

«+<^(Dje’"’«=0=r, = 


in which ^ is a variable parameter, and w considered as a function of ^ is a root 
of a certain algebraic equation of the (w-4-l)th degree, gives, when U is of an 
order higher than the second, a new primary form — that is to say, a form not re- 
cognized as primary in the late Professor Boole’s theory. And in certain cases in 
which the dexter of the defining equation does not vanish, a comparatively easy 
transformation will rid the equation of the dexter term ; and the resulting dif- 
ferential equation wdll he of a new primary form. The same trausformatic>ii which 
deprives the algebraic equation of ita second term will deprive the differential 
equation of its dexter term. 

Boole, in his last paper before the Boyal Society, entitled ‘‘ On the Differential 
Equations which determine the form of the Boots of Algebraic Equations,” re- 
marks : — “ While the subject seems to be more important with relation to differ- 
ential than with reference to algebraic equations, the connexion into which the 
two subjects are brought must itself he considered as a very interesting fact. 
As respects the former of these siibjech^, it may be observed that it is a matter 
of quite fundamental importance to ascertain for what forms of the function 
^(D), equations of the type 

u 4 -</)( D ) c ’*^/=0 

admit of finite solution. We possess theorems which enable us to deduce from 
each known integrable form an infinite number of othei\^. ^'et th(‘re is every 
reason to think that the number of really primary forms ( of fonns the knowledge 
of which, in combination with such known theorems, would enable us to solve all 
equations of the above type that are finitely solvable) is extremely small. It will 
indeed be a most remarkable conclusion, should it ultimately prove that the forms 
in question stand in absolute and exclusive connexion with* the class of algebraic 
equations here considered.” (Phil. Trans, for 18G4, p. 733 et seq.) 

In his later researches the author of this paper has sought to determine the 
form of the differential resolvents of algebraic equations whos(‘ terms are complete, 
and whose coefficients are unmodified. Mr. Spottiswoode has also considered the 
question in this its most general aspect; and in a short paper on ^‘Differential 
Resolvents,” printed in the second volume of the third senes of the ‘ IMaiichester 
Memoirs,’ pp. 227-232^ he has exemplified a method of finding the resolvents in 
the cases of quadratics and cubics, which is directly applicable to all degrees. 
This method, considered as a working process, possesses some advantages over that 
employed by Sir James Cockle and Mr. Ifarley in dealing with trinomial forms. 
Its chief peculiarity consists in effecting all ncc<‘ssary eliminations by means of 
determinants. 

Beginning with the quadratic 

. (a,b,c){r,\f=0, 

which gives 

2(u, h) (.r, 1 ) //, c') (.r, 1)2=0, 

where differentiation with respect to the parameter is indicated by accents, Mr. 
Spottiswoode forms a system of equations from which by the elimination of all 
powers of x higher than the first, he deduces 


-LV u' 2h’ c' =0, 
. a 2h c 
1 .ah 
.r a h . 
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tile differential resolvent required. The developed form is 

(rtc— ¥)x' — •[ a\2h‘^ — ac)^2h'ah-\-c'ar\x — a'hc-\-2h'ca — c'ah = 0, 

a result which had been otherwise obtained previously by both Sir Janies Cockle 
and Mr. Harley. 

Proceeding to tlie cubic 

(a, h, f, d) (x, 1)’=0, 

Mr. Spottiswoode, with some a^^sistance in the reductions from the author, finds 
that the resolvent may be concisely written in the form 




A i-h- {2h\l- 
K 1 


A- 

v: 

. i: 
l 1^" V 
X (i'd 


«F)1 

i 


i>K 


I . . n' :iff 
. d' tlb' •»<* (t . 

, . (f I iff tic (I 

. a t\h tic (I . 

‘ i . . (I tih c 

X . a tlh c . 


d' = 0 . 


in which tlie \alu(‘S oF A, E, E, (1 ar< 
A 


- = 10 '2h 
I h '2c 


as follow : — 

= d -<1- — ( lahrd + h/c ’ -f d // V/ — t^h‘-c". 


i . h 2c d\ 
I . a 2h c 

the discriminant of the cuhic% 


3E^ 

a' 

tw 

3r’ d' 

= n' ( — ac 

d-yXh''d‘ 


a 

! 

tlh 

tic d 

~ilb'(i{bd - 

-c^-) 



la 

2h 

c . 

-\-tlr(i{ad - 

-he) 



1. 

a 

2b c 

—2d'(f(({c — 



tl¥_ 

1 a' 

3// 

tl<‘' d' 

= a’( — (fd~ 

-j-T/x'J— 

(>C* ) 

<7 

‘ (1 

tlb 

tic d 

-—tlb'i <f(r^-+-2ird 

tll>r-) 


h 

2c 

d . 

-:}-3c'( dhd-\-'2<w“ — 

tWv) 



({ 

2b r 

4- d'( a -V/- 

— 7a/x’-p0/y'^ ). 

3(}_ 

a' 

tW 

tVd'[ 

= 2a'd(bd - 

-H) 


a ~ 

a 

flh 

3 c d 1 

— tlh'(d<td — 

-hr) 



(f 

2b 

' 

4-0c'^/(ac — 

■>r) 



h 

2c 

<f . \ 

d' ( ahd-- 


Vc). 


Attempts have been made to exhibit tlie cubic ixswiveiit as a single deter- 
minant, but hitherto -svithout success, the only result obtained (a determinant of 
the 10th degree) liaving proved illusory. The author has developed the resolvent 
in the case of « = !, and lie finds that it contains 203 terms, lie has also nearly 
completed the calculation of the cubic resolvent when the coeffioientvS are all un- 
modified. lie hopes shortly to publish these results. 

Eight years ago, at the Meeting in Birmingham, Mr. Spottiswoode communis 
cated to the author a method of solving algebraic equations by integration which 
may be conveniently noticed here. 

i^t the general equation of tlie ?«th degree* bo represented by 

(a,h, {x,'if = 0’, (1) 

then, diflerentiating on the supposition that the coefficients are all functions of a 
single variable, we have 

' c.r + ("bn, ?>?>,..) (.r, 1)”=0. . . . . (2) 
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Now the coefficient of any terra x" ’ in the first part of the al)ove equation 

] ,2. .»■ =»[n, 1], say. 

Hence (2) may be written thus, 

(?ia, 26sar+^c,, .) (r, 1)"=0; 

'^a th 

or putting ('‘"») becomes 

{n'y a-\-h\ 2^+e'y . .) (J’, l/ = 0 

Now the resultant of (1) and (4) with respect to x is 

I ^ ^ ^1 ^ = 0. 

. a lU . . , 


a' [w, f «, 21(c'-f 2Z>) . . 

«' [«, l](//4- a) . . i 


And if any one of the minors formed from the n upper lines of (5) be represented 
by F (fl, hy . and the complementarv one formed from the n lower ones by 
1 1 («'; . .)> further we write F, Fj for F {a, h, . .)y Fj (o', F, , .) re- 

epecthely, then (o) may be WTitten thus : — 

0=2r (a, 6, . or, (o’, 6'+«, . .)= 2 rF,+ 2 vFF,+ 2 p.^I<T, 4 -. . , . (6) 

(7) 


The last two terms of (G) offer some peculiarity. In fact it is not difficult to see, 
by reference to (5) and (7), that the last term, viz. 2^ is =«^D, where 

O is the discriminant of (1). Also if we multiply (G) throughout by the last 
term but one di^idcd by the last will be the coefficient of in an equation 

for determining dx) in other words, it will be = — 2(/a:=n^^-j (a ^6 — 6 da). 


So that 


VF,=n(o^^.— 6^>a)D; 


ou luah *2^ — . ' (^ r ^ V u^u o a^U • 

and the last two terms of (6) are consequently 

=o^oK«j+^) (8) 

Consider the cases of n=:2, and »=3. For the quadratic (a, b. o') (v 11’ = 0 
(0) takes the form y>>JK,) 

Ac? (oc— &'=)+8(ac— ft'O (flF— a'J)— 4(ic'-6'c) («J'— o'6)+(ctc'— o’c) =0; 

and if we subject the variability of the coefficients to the single condition ab'—a'b 
=0, the resultant reduces to 

ac'—ac ^ c , ^ 


^•'■== io 


s/ib- — (tr) 


whenc^^ 
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or integrating and determining the constant by the condition that, when e=0, .r : 
we finally obtain the usual solution, 

a—a^ ^ ' 


: 0 , 


Next, for the cubic (a, c, d) (a:, 1)^=0, 2P"F, becomes 


a d . . 

d . . 

. a 3b 3c d . 

. d 3b' 3c' d' . 

. . a 3b 3c d 

a' 3b' 3c d' 


= 0 : 


and when written under this form it is seen that it is a cubic function of the 
determinants 

i| abed |! 

J u' b' d d' I; ; 

or writing ab' ■^db=z{(th)^ kc., 2l"P\ becomes 

81 (ui) (be) {cd) -\-lS{(ih) {ad) {cd)— 27 {ah) {hd)~ • 

-f- 9(f/c) {ad) (hd) — 27 {cd) {ac)-~- {ad) '■={). 

Also V(«Z>) = «2, ^{ac)=^2aby v{ad)-=^3ac^ 

7(6c)=2/r— uo, ^(bd)=^3bc-~ady \^(cd)=3c^—2bd. 

By means of these form ube vP'P'i maybe easily calculated ; and thence, with the 
help of (8), the entire value of the resultant for the cubic will be found. If, how- 
ever, as in the case of the quadratic, Ave make (ufe)=0, and then reduce by means 
of the identical equation 

b{cd)-\'C{db) -{'d(hc)=zOf 

we find that 

2FF,= ^,{-a{bdC+%(bd)\bc)-27{bd)(bcy+27ibc)^ 
and 

V2 FFj = 9 p { ( «c — 6^) {bdy— 3 {ad^hc) {hd) {he) -h 9 {hd— cf (be) } , 

so that VSFFj is a wic facteur i^reSj the Hessian of In fact the whole 

equation (5) takes the form 

V--^-ffl(V)«»'^+DO0=0, 

in which 

V=^7(W)^~96(5c/)‘^(6c)+27(&(^)(6c)=^+27(6c)k 

If, further, we make a'=0 and 6'=0, the above expression retains the same form, 
only in it d' takes the place of (bd)^ and c' of {be). Finally, if we also make c'=0, 
we have 

[^3(62-ac)-|- -g-f □ = 0 ; 

whence, substituting — t7'=3(r7.r“d-26.r-f c), 

^d __ 3dx 

V— □ «c) — 

□ being now regarded as a function of «?, the only remaining variable ; so that x 
m^ be determined by integration, as in the case of the quadratic. 

Those who are interested in this subject may compare the foregoing method 
with that exemplified by the author in his paper entitled On the Theory of 
the Transcendental Solution of Algebraic Equations,*' Quarterly Journal of Mathe- 
matics, voL V. pp. 337-3(30. 
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lichiarkiy on Professor Evans’s Method of solving Cable and other Trinomial 
Equations, By the llcv. IIobert Harley, EJl.S, 


Sur Vlrrailoiuilite de la Base des Logarlthmes HgqyerboJlques. 

Far Cn. Hermite. 

On reconimitra volontiei‘s que dans le domaine niatlu^inatiqiie, la possession 
d’une v^rite iinyortante ne devient complete et deiinitive qu’autant qii’on a r^ussi 
a I’dtablir par pms d’une metliode. A cet egard, la tlieorie des foiictioiis elliptiqiies 
offre un example celebre, present a tons les esprits, niais qui est loin d’etre unique 
dans Fanalysc. Je citerai encore le tlieoreme de 8tnrni, resto conime enveloppo 
d’une sorte de inystere jnsqii'A la ineiuonible decouverte de M. Sylvester, qui a 
ouvert pour penetrer au canir de la question, une voie plus facile et plus l\^conde 
que celle du premier inventeur. Telb s sont encore dans VtiritbnuHiqiie snp^rieure, 
les lois de reciprooite entre deux nombres premiers auxqiudles est attache nom a 
jamais illustre d’Eisenstein. JMais dans eette memo science et pour des questions 
du plus liaut interet, coniine la didermi nation du nombre de^ cla-st's de formes 
quadratiques de meine invariant, on a ide nioins lieureux, et jiisqu’ici le nuhite d(? 
la premiere decoiuerte est roste .sans parfag(' a l>iriclilet. Enlin et ]>our en \enir 
a I’objet de cette note, je citerai encore dans le clianip d(' raiitliiuelique, la pro- 
position de Lambert sur rirrationalite du rapjiorl dt' la circonference au dianietre, 
et des puissances de la base des locaritlimes h\ perboliqiies. Ayant »‘t(‘ receinnumt 
conduit a m’occuper de ce dernier noiubre, j’ai I’hoiineur dv soiimettrt' a la reunion 
de I’Associiition Ih'ltaimiqTTe uiu* deinou'-t ration nouvelh' du throreiiu? de Jaimbert, 
oil n’intervient plus le calcul intv^gral, et qui, j(‘ I’esperc', paiuitra entieremeut 
mentaire. Je pars siiupleinent dt‘ la Si'rie : 

. 

'■' = '+'1+172+ • + I.’L« + "’ 
et posaiit pour un instant : 

X F y' 

ce qui pennet d’ecrire : 

e^-F(x) ^ 1 .. __ ./ 

1 .w + J 1 . 2 . 


il suffira comnie on va voir, de jirendre les derivees d’ordre n des deux niembr(‘s de 
cette relation. Etlectii ement, on obtieiit d’abord : 


I) 



•T + 1 


’'IfS'P, 


oil 4>(.r) est un polvnome a coefficients entiers du degre dont il n’est aiicuiiement 
necessaire d’avoir 1 expression qu’il serait d’ailleiirs aise de former. Nous remarque- 

rons ensuite, a I’egard du tenne--, + i’ que la dilierentiation eflectuee n fois de 

suite, fait disparaitre les denominateui*s des coefficients, de sorte qu’il vient : 




4»,(a7) etant un polynome dont tons lea coefficients sont des nombres entiers. 
U relation proposde, nous tirons done la suivante : 


1.2. . /;-,-)-2/i + r 


l»e 
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ou bien, sous une autre foniie : 


j (x) = X 


2n-j- iV +l)(A;+2) 

^ 1 . 2 :.'.. 


k+2n+l 


1.2... .n^2 . . . ./c-1-2^+1 


Or je dis qu’en faisant croitre w, le second membre, qui jamais ne pent s’^vanouir, 
deviendra plus petit quo toute grandeur donn^e. II en est effectivement ainsi du 

, ^(k+'i)(k+2)...(k+n)x'‘ , 

facte ur — , et d autre part, la s^rie intinie > , , 

1.2....;i’ ^ ^ ^n-rl ^n-\-2. . . .k-t2n+\ 


mise sous la forme 


^w-f-1 . ^4-2. . . 


h-\-n 


1 . 2 . . . .k 


, on reconnait qu elle a 


1.2. 


pour limite supmeure = ^ ~ /•’ facteur 


k-]rn 

. . k’\^2n^\ 


est inferieur a runit(^. 

l)e la resiilto qii’en supposant x un nombre eiitier, ne peut etre une quantity 

commensurable - : car on aurait 
a ^ 




b^(A')--a^i{x) 

a 


et cette fraction dont le numeratcur est essentiellement entier, d'apres ce qui a ^te 
etabli a Tt^gard des polynomes ^>(a?) et nulle, descendre 

au dessous de — . 

a 


/.-expression decouverte par Lambert : 




que j’evite ainsi 


d’einployer, n’en rest© pas moins iin r^siiltat du plus grand prix et qui ouvre la 
Toie a des reclierclies curieuses et interessantes. P]n supposant par exemple :r=2, 
on peut presimier qii’il restera quelque chose, de la serie si simple des fractions 
integrantos ayant pour num^rateurs le nombre constant 4, dans la fraction con- 
tinue ordinaire ^quivalente, dont les nunierateurs seraient I’unite. En effet, il 
parait que de distance en distance, viennent alors s’olfrir des quotients incomplets 
continuellement croissants. C’est du moins ce qu’indique le resultat suivant, du a 
M. Ct. Forestier, ingdnieur des Fonts et Chaussdes a llocliefort. Prenant I’expres- 
sion que nous avoiis on ue, a partir du terme ou les fractions integrantes sont 
infdrieures a c’est- a-dire la quantite 


4__ 

D-f 


^ 4 


M. Forestier a troiive pour la Iraction continue ordinaire equivalente 

L-] 

^ V+-. 


la sdrie siiivante, des quotients incomplets, g, g', 9 ", etc., a savoir : 2 , 2 , 1 , 20 , 1 , 10 , 
19, 1, 2, 11, 7, 1, 3, 1, 6 , 1, 1, 1, 20, 3, 1,3, 67, 2, 2, 8 , 1, 5, 1, 3, 3, 147, .... 

Or on y voit figurer les termes 19, 20, 67, 147, qui semblent justifier cette pro- 


vision. 
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On Modular Equations, By Professor Hen^rt J. Stephen Smith, F,li.S. 


On Triple Tangent Planes, By W. Spottiswoode, F,ll,S, 


On the Calculation of Logarithms, By the Rev. Henry AVace, Mai., 
Brasenose College, Oxford, Chaplain of Lincohi^s Inn. 

For the purpose of any further extension of our power of log:arithmic computation, 
the author thinks attention should be recalled to the principle of the method pro- 
posed in 1845 bv Mr. Weddle. An account of this method and of its history may 
be found in Mr. Peter Gray’s preface to his ‘ Tables for the formation of Logarithms 
and Antilogarithms to twelve places,’ published in 18(>5. It combines with great 
directness and simplicity the advantage of increasing in facility of application as 
the number of places is increased to which the computation is carried. It may be 
briefly described as a means for expressing all numbers, of whatever niiignitude, in 
terms of certain factors to any required degree of accuracy. These factors are of the 
form 1 + T"*.w, where m is any integer and n any simple integer. AVhen tabulated 
they present the following series : — 

•9 -OOi-O^IO -OOOO 
'8 *98 *998 ♦9998/991)98, 

•7 -97 -997 -9997 *999971 
•G •9{)-99G-999G'-9999r), 

•5;*95 -995 *9995 •99995: &c. 

•4;*94 -994 *9994 -999941 
•3 -93 -993, -9993 -999931 
-‘J -92 -992 -9992 -99992! 

•1 -91 -GGi'-OGGl -9999ll 


1-1 1-01 11-001 11-0001 1 
l-21-02!l-002ll-0002| 

1-3 1-03:1-003, 1-0003 
l-41-04il004'l-0004| 

1-5 l-05l-005ll-0005' &c. &c. 
1-OT-OGl-OOGil-OOOGj 
1-7:1-07 1-00711-0007! 

1-81 08 1-008!1-0008' 

1-91-09 1-00911-0009' 


For convenience the author proposes to call these the Constituent Factors, and 
the former the negative, the latter the positive factors ; and the tables of their 
logarithms may be called positive and negative Constituent Tables. To find the 
logarithms of numbers we use the negative table ; to find antilogarithms, the pos- 
itive table. A single example will show how numbers may be expressed in terms 
of the negative factors and of the integers up to 11. 

A nunmer on which Borda and Helambre have operated, viz. 643839, working to 
twelve places of decimals, may be taken as an example. Divide by 10’ and 6, and 
the number becomes 

1-087G78. 

Our next object is to destroy the significant figure 8 in the second place of decimals. 
For this puimose multiply the number by 1 — *08 or -92. This is the same thing as 
to subtract from the number eight times itself advanced two places ,- and the work 
is as follows : — 

]-0|8767|80|0 

- 

VOOOW.iTC) 
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By tliis multiplication we happen to have destroyed the third significant figure as 
well as the second. To destroy the fourth, multiply again by l---*0006 ; in other 
words, subtract six times the number from itself four places in advance. We should 
next multiply by 1— -OGOOG and 1-*000(X)3; and, after what has been said, the 
process will bo intelligible without further explanation : 

1-000|0GG7|60000 

!6 003198 25 6 

iooororr:{3Gr|74 4 
|() 0003180 2 
1-000 0013357 04:2 
13000 010 
] 000 00 0357 93 2 


The next factor required would be 1 - *0000003 ; but it is evident that multiplica- 
tion by this factor would not afiect the twelfth place of decimals, and consequently 
the last six significant figures thus obtained represent, without any further work, 
the remaining factors required. 

It is thus shown that 


(1-4) X (I -4) X (l-ji) X (, -4) X (l-4) 


or that, to the requisite degree of accuracy, 543839 can be expressed as a fraction, 
the numerator of which is 

10^’ X 5, 

and the denominator 





The method of applying the positive table to find antilogarithms is better known, 
and need not here be explained. 

It is further evident that we may by similar means express in terms of the nega- 
tive factors the concluding figures of any number, or any decimal addition made to 
a given number. Thus, suppose we know the logarithms of 643 to 12 places, and 
wish to know that of 543*839, we operate on the latter number as follows ; — 


543 8 3 910 0 0 0 0010 
15 4 318 39 I 
5i3 2|9 51Gi000;0 
2|7164 7680|5 
543 0 2 3 5 1 341195 
2|l7 209|405 
54300 1|7 924 79 0 

1|G290 05|4 

54300011634736 
116 2 9 000 
6 736 
5 430 
306 
272 


X -999 
X -999,5 
X *999,96 
X -999,997 
X3 
X*0,1 
X0,5 


^41 


X6 
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After working to half the number of figuies, we proceed by simple division j and 
the multipliers con’esponding to the successive quotients are 

•999,909,7, *999,999,999, &c. 

This process may be regarded as a method of interpolation, and it appears to the 
author simpler and more direct than that of differences. It enables us, in short, by a 
direct operation to express differences in terms of a limited number of known factors. 

The logarithms of these factors are determined with great facility from the fun- 
damental series, 

log (1 ±y)= i2/‘± 

fory being of the form *1”*, this series converges with great rapidity as m increases, 
so much so that for the latter half of the number of columns required in a consti- 
tuent table only the ffrst term of the scries is required. Suppose, for instance, we 
ai’e working to twenty places, then the hyperbolic logarithm of 1 — *1“ X 7 or of 

•90909,99999,3= -•00000,00000,^ 

The determination of h}*perbolic logarithms by this method is therefore peculiarly 
easy, the logarithms of the last half of the factors being written down for inspection 
without reference to the tables. 

A fuller development of this method, embodying perhaps some improvement in 
its working, will be found in a paper contributed b} the author to the ‘ Cambridge 
Messenger of Mathematics,’ which will appear in the September and October 
Numbers of this year. The author has there furnished constituent tables for both 
hyperbolic and denaiy logarithms to twenty tigun^s ; and he has discussed the rela- 
tion of the method to some moditications ot it proposed by Mr. (tray and others. It 
would occupy too much space to enter here on these collateral points ; but the author 
doss not think any modification of the method hitherto proposed ndains its elasticity. 
It affords, at all events, a valuable means of calculating and testing isolated logarithms, 
and of extending partial tables of logarithms, such as art' given in Callet, to a high 
number of figures. The principle, moreover, of reducing numb(*rs to the form TO 
.... or 1*00 ... . might be employed to facilitate the printiuj* of tables of ten or 
twelve figures. If the logarithms were tabulated of tho integers up to II and 
of the numbers between 1 and TOl or T(K)1, a short table of auxiliaiy constituent 
factors would furnish the logarithms of all other numbers by \ eiy simple calculations. 
Such a plan would probably be an improvement on that of the partial ten-figure 
tables published ten years ago by Pineto. 


Mechanics and Phtsics. 

On a Geometrical Solution of the following problem : — A quiescent rigid body 
possessing three degrees of freedom receives an irnjnilse ; determine the in- 
stantau'^ous screiv about which the body commences to twist. By Hobekt 
Stawecl Ball, LL.D., F.E.S. 

I. 

For an explanation of the language used, and for p»*oof of several theorems, re- 
ference must be made to Theory of Screws,” Transactions of the Royal Irish 
Academy, vol. xxv. p. 167. 

All the screws about which the body can be twisted fonn a coordinate-system j 
one screw of the coordinate -avstern can be found parallel to any given direction. 

An ellipsoid can be founds such that the radius vector, from the centre to the 
surface, is proportional to the twist velocity -v^dth which the body must twist 
about the parallel screw, so that its kinetic energy shall be one unit. This is the 
ellipsoid of equal kinetic enei'yy. 

Ijet s be the screw about which an impulsive wrench, F,, constitutes the given 
impulse. All the screws belonging to Ibe coordinate-system which are reciprocal 
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to 8 lie upon a cylindroid, the principal plane of which is called the recimoccd 
plane. Then the required instantaneous screw w is determined ; for it is parallel to 
that diameter of the ellipsoid of equal kinetic energy w^hich is conjugate to the 
reciprocal plane. 

The demonstration is as follows: — Any three conjugate diameters of the ellip- 
soid of equal kinetic energy are parallel to three screws of the system, which are 
conjugate Hcretvs of kinetic energy. The property possessed by three conjugate 
screws of kinetic energy A, B, 0, is that if A', If, C' be three impulsive screws 
corresponding respectively to A, B, C as instantaneous screws, then A' is reciprocal 
to B and 0, Jf is reciprocal to A and 0, C' is reciprocal to A and B. 

If n be one of three conjugate ^screws of kinetic energy, the two others must be 
parallel to the reciprocal plane, and therefore reciprocal to s. Hence an impulsive 
wrench about s must make the body commence to twist about u, 

11 . 

The same construction may be arrived at in a different manner. 

Let q be the screw of the coordinate-system which is normal to the plane reci- 
procal to s. 

LetF^=-y-? he the impulsive wreiicli whicdi acts about s for the infinitely 
small time /. 

Let be the twist velocity with which a body must twist uniformly round q 
ill order to do one unit of work against in the time t. 

Draw a plane parallel to tlu' reciprocal plane at a distance wq from the kinematic 
centrii. 

Draw Hie cone from tlie kinematic centre to the intersecdion of this plane with 
the ellipsoid of (iqnal kinetic energy. 

Tlieii all the screws of the coordinate-system which are parallel to the gene- 
rators of this cone possess the following property : — That if the body be constrained 
to twist about any one of these screws it will, in consequence of the impulsive 
wrench move off from rest with the unit of kinetic energv’. 

The screw s being given, F^ will vary inversely as ; consequently when the 
plane touches the ellipsoid, and when the cone has shrunk to one right line, a 
smaller impulse about v\ ill give the body the unit of kinetic energy about the 
screw of the system parallel to tlnat line, than if the body liad been constrained 
about any otlii'i’ screw of tlie system. 

Applying Euler's theorem, that a body will always move off with the maximum 
kinetic energy, we arriv e at the construction already given. 

III. 

(Conversely, given the instantaneous screw about vvdiich the body will com- 
mence to twist, selected from the general coordinate-system with three degrees of 
freedom, determine the corresponding impulsive screw s. 

This problem is really indeterminate; the conditions to be fulfilled by s are 
thus proved. Draw the plane in the ellipsoid of equal In’netic energy, conjugate 
to the direction of a. CConstruct the cylindroid of screws belonging to the system 
which are parallel to this plane, then .s may be any screw reciprocal to this cylin- 
droid. For example, through any point a cone of screws can be drawn, any one 
of which, as an impulsive screw, corresponds to u as an instantaneous screw. 


Coatrihutions to the Theory of Screws. 

By liouEiiT Htawell Ball, LL.D.y F.E.S, 

1. Coordinates of a Serciv . — Six screws, each of which is reciprocal to the re- 
maining five, are called a group of coreciprocals *. If the unit twist velocity about 

* A group of six coreciprocals is intimately connected with the group of six funda- 
mental complexes already introduced into geometry by Dr. Felix Klein (see ‘Math. Ann.* 
Band ii. p. 20;i). 
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a screw a be decomposed into six components, &c., a^, about the coreciprocals, 
then &c., a„, are the coordinates of a. 

The pitch of a is 

'^qPkO.kj 

where are the pitches of the coreciprocals. 

The condition that two screws a, /3 are reciprocal is 

p^a^^K^O. 

2. Impulsive and instantaneous Scretvs , — By proper selection of the coreciprocal 
group the relation between an impulsive screw and the corresponding instanta- 
neous screw is very simple. If at,, 4fcc., n^, be an instantaneous screw, then 
&c., jPgUg, is the corresponding impulsive screw. Two of the coreciprocals are 
directed along each of tne principal axes through the centre of inertia of the rigid 
body ; and the corresponding pitches are + and — the radius of gyration. 

8. Conjugate Screws of Kinetic energy. — If 

then the impulsive screw corresponding to a is reciprocal to ft ; but precisely the 
same condition expresses that the impulsive screw corresponding to is recipro- 
cal to a. 


On the Kinematics of a Bigid Body*. By Professor J. D. Everett, F.B.S.E. 

The object of the paper is the investigation of the instantaneous movement of a 
rigid body (having no point fixed). Such investigation lias usuaDy been confined 
to properties depending on the consideration of two consecutive positions; and the 
investigation is here extended to properties depending on three, and in the case of 
motion in one plane to four and five consecutive positions. 

The most general motion of a rigid body may, as is well known, be represented 
i>y a succession of small screwings about successive lines called central axes ; and 
these successive central axes generate two ruled surfaces— one in the body, and the 
other in space — these two surfaces being perfectly determinate in the case of any 
given motion. 

Two cones of determinate shape can be constructed by drawing through an arbi- 
trary point of the body lines parallel to the successive central axes in the body, 
and by drawing through an arbitraiT point of space lines parallel to the successive 
centr^ axes in space. It is shown in this paper that the most general motion of a 
rigid body can be represented by giving to the cone in space a motion of pure 
translation, and causing the cone in the body to roll upon the cone thus translated. 

Expressions are obtained for the curvatures of the two cones corresponding to a 
given instantaneous motion, the data being derived from the consideration of four 
consecutive positions of the body. When only three consecutive positions are 

f iven, the curvatures of the two cones are indeteiminate, being merely connected 
y one equation of condition. Hence, so far as regards properties depending on 
three consecutive positions, the instantaneous motion of a rigid body can always 
be represented by the rolling of a right circular cone in the body upon a plane 
which has a movement of translation in space. In this representation the curva:- 
ture of the circular cone is determinate, but its vertex is an arbitrary particle of 
the body. 

The locus of those particles which at the instant considered have straight 
motion, is investigated, and is found to be in general a cubic curve. 

The curvatures of the two ruled surfaces at points on their respective lines of 
striction are investigated ; and it is shown that the tangent plane to either of the 
ruled surfaces at a point on the line of striction is perpendicular to the correspond- 
ing tangent plane of the cone. Tlie forms of the two ruled surfaces, at points very 

* The paper will appear in full in the ‘Qiuirterly Journal of Mathematics’ for 1874. 
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distant from the lines of striction, are investigated and shown to be ultimately 
identical with the forms of the two cones. 

The condition of intersection of successive central axes is investigated ; and ex- 
pressions are obtained for the curvatures of the two cuspidal edges which are then 
generated, one in the body and the other in space. 

Throughout this investigation the motion is supposed to be specified with refer- 
ence to rectangular axes fixed in space — the specifying elements being the three 
component velocities of translation, the three component velocities of rotation, and 
the dilFerential coefficients of these six velocities with respect to time. 

The latter portion of the paper deals with motion in two dimensions. It is 
shown that, in the most general motion of a plane rigid figure in its own plane, 
the locus of points which at a given instant have straight motion is a circle 
traversing the instantaneous centre ; but one singular point on this circle is to be 
excepted from the locus, namely the instantaneous centre itself, which, instead of 
being (like other points on the circle) at a point of inflection of its path, is at a 
cusp, and is moving with infinite curvature, wdiereas all other points on the circle 
are moving with zero curvature. This startling result is confirmed by a com- 
parison of the cycloid with the trochoid. When a circle rolls along a straight 
line, a point just within the circumference descriljes a trochoid having two points 
of inflection very near together, and the short connecting arc has a total curv^atnre 
of nearly 180^ ; whereas in the case of a point on the circumference, these features 
are replaced by a cusp. 

The instantaneous curvatures of the paths traced by the particles of a moving 
figure depend on three consecutive positions only. Four consecutive positions of 
the figure are sufficient to determine two consecutive circles of straight motion.” 
l^hose two particles of the body which are situated at the intersections of these 
two circles might at first sight be deemed to be points of double straight motion — 
that is, to ha^^e straight motion for two consecutive instants j but on examination 
it turns out that one of these two points is not a point of straight motion at all, 
being, in fact, the siugular point above mentioned. There is therefore in general 
only one point of double straight motion. The position of this point is investi- 
gated in the general case of one circle rolling on another, and its connexion with 
the subject of ‘^apparently neutral ” equilibrium of a heavy body is pointed out. 


On certain connexions between the Molecular Properties of Metals, 
By Professor G. Fokbks. 


On the Final State of a System of Molecules in Motion subject to Forces of any 
JcimL By J. Clerk Maxwell. 

Since rending Principal Guthrie’s first letter on this subject (‘Nature/ May 22, 
1873), 1 have thought of several ways of investigating the equilibrium of temperature 
in a gas actt'd on by gravity. One of these is to investigate the condition of the 
column as to density when the temperature is constant, and to show that when this 
is fulfilled the column also fulfils the condition that there shall be no upward or 
downward transmission of energy, or, in fact, of any other function of the masses 
and velocities of the molecules. But a far more direct and general method was 
suggested to me by the investigation of Dr. Ludwig Boltzmann * on the final dis- 
tribution of energy in a finite system of elastic bodies ; and the following is a 
sketch of this method as applied to the simpler case of a number of moleCmes so 
great that it may be treated as infinite. 

Principal Guthrie’s second letter is especially valuable as stating his case in the 
form of distinct propositions, every one of which, except the fifth, is incontrover- 
tible. He has himself pointed out that it is here that we differ, and that this 
difierence may ultimately be traced to a difference in our doctrines as to the distri- 

* Studien fiber das Glcichgewicht der lebendigen Kraft zwischen bewegten materieUen 
Pimkten, von Dr. Ludwig Boltzmann. Sitzb. d. Akad. d. Wissonsch. October 8, 1863 
(Vienna). 
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bution of velocity among the molecules of any given portion of the gdS. He 
assumes, as Olausius (at least in his earlier investigations) did, that the velocities 
of all the molecules are equal, whereas I hold, as I hrst stated in the Philosophical 
Magazine for January 18(30, that they are distributed according to the same law as 
errors of observation are distributed according to the received theory of such errors. 
It is easy to show that if the velocities are all equal at any instant they will 
become unequal as soon as encounters of any kind, whether collisions or perihelion 
passages,’^ take place. The demonstration of the actual law of distribution was 

f iven by me in an improved form in my paper on the Dynamical Theory of Gases/’ 
’hil. Trans. 1860, and Phil, Mag. 1867 ; and the far more elaborate investigation 
of Boltzmann has led him to the same result. 1 am greatly indebted to Boltzmann 
for the method used in the latter part of the following sketch of the general 
investigation. 

Let perfectly elastic molecules of different kinds be in motion within a vessel 
with perfectly elastic sides, and let each kind of molecuh'S be acted on by forces 
which have a potential the form of which may be different for different tinds of 
molecules. 

Let ar, ?/, 2 , be the coordinates of a molecule, ^1, and ( the; components of 
its velocity, and let it be required to determine the number of molecules of a given 
kind which, on an average, have their coordinates between x and x-j-dx^ y and 
y-f-dy, z and z-^-dz^ and also their component velocities between ^ and 7 and 

Tj-^dri^ and ( and This number must d(‘pend on the coordinates and the 

components of velocities and on the differences of tlie limits of these quantities. 
We may therefore write it 

(fS =/( .r, //, 2 , f, 7 , 0 dx dy dz d^ drj d(. ( 1 ) 

We ^shall begin by investigating the manner in which tliis quantity depends 
on the components of velocity, before we proceed to determine in wliat way it 
depends on the coordinates. 

If we distinguish by suffixes the quantities corresponding to different kinds of 
molecules, the whole number of molecules of the lirst and second kind within a 
given space, wliich have velocities within given limits, may be written 


fi (fp yp Cl) (i-D 

and 

f> (iuf CJ = (•!) 


The number of pairs which can be foriiKM,! in tailing onv molecule of eacli kind 
is Uj n.^. 

Let a pair of molecules encounter each other, and after the encounter let their 
component velocities be ^/, 7 f/ and 7 ^', The nature of the encounter is 
completely defined when w'e know — 7^—711 fi the A(docity of the second 
molecule relative to the first before the encounter, and y ^ — the 

position of the centre of the second molecule relative to tlie first at tiu‘ instant of 
the encounter. When these quantities are given, 7 /-~ 7 i', and C/~C\'f tbe 

components of the relative velocity after the encounter, are determinable. 

Hence, putting a, y for these relative velocities, and a, by r for the relative 
positions, we find for the number of molecules of the first kind having velocities 
between the limits and kc.y which encounter molecules of the second 

kind having velocities between the limits and ^j, + d^y &c,, in such a way that 
the relative velocities lie between a and a 4 -^, &c., and the relative positions be- 
tween a and &c. 

fi (^1 V!t ( 1 ) -fi (Li Vi! Q <^n <K • “.Sy) rh dh dr da dji dy ■ . (4) 

and after the encounter the velocity of M, will be between the limits f ' and 
+ &c., and that of M,^ between the limits and ^.J-^d^y (fee. 

The differences of the limits of velocity are equal for both kinds of molecules, 
and that both before and after the encounter. 

When the state of motion of the system is in its peniianent condition, as many 
pairs of molecules must change their velocities from V,, V.^ to V/, V/ as from 
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Vi, V2 ; and the circumstances of the encounter in the one case are pre- 
cisely similar to those in tlie second. Hence, omitting for the sake of brevity the 
quantities &c., and <^, which have the same values in the two cases, we find 


• • • (5) 

If we now write 

log/(^,r?,0=F(MV^/,m,.^), (0) 


where /, m, n are the direction cosines of the velocity V of the molecule M, 
taking the logarithm of both sides of equation (5), 


The only necessary relation between the variables before and after the encounter 

is 

( 8 ) 


If the right-hand sides of the equations (7) and (8) are constant, the left-hand 
sides will also be constant; and since /,, ?/?,, are independent of we 

must have 


F,= -AM,V2 F,= -AM,V2, 


. ( 0 ) 


where A is a quantity independent of the components of \elocity, or 


ao) 

= ( 11 ) 


This result as to the distribution of the velocities of the molecules at a given 
place is independent of the action of finite forces on the molecules during their en- 
counter; for such forces do not atiect the velocities during the infinitely short time 
of the encounter. 

We may therefoi’e write equation (1) 

( 12 ) 

where C is a function of xyz^ which may be different for different kinds of molecules, 
while A is the same for every kind of inolecule, though it may, for aught we know 
as yet, vary from one place to another. 

Let us now suppose tliat the kind of molecules under consideration are acted on 
by a force whose potential is xfr. The variations of .n/z arising from the motion of 
the molecules during a time St are 

S.r=^8t,Sf/=rjdt,Sz=Cdf; (13) 


and those of rj^ ( in the same time due to the action of the force, are 

. . . 

If we put 

c=logC, 

■ 

The variation of this quantity due to the variations S.r,, 8y,, fisj, 8^1, 81/,, 8f, is 


(14) 

(15) 




( 17 ) 
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Since the number of the molecules does not vary during their motion, this 
quantity is zero, whatever the values of 7 , f. Hence we have in virtue of the 
last term, 

f 


or A is constant throughout the whole region traversed by the molecules. 

Next, comparing the first and second terms, we find. 

c=~2AM(>/.4-B) (19) 

We thus obtain as the complete form of f/X, 


where A is an absolute constant, the same for every kind of molecule in the vessel, 
but belongs to the first kind only. To determine these constants, we must in- 
tegrate this quantity with respect to the six variables, and equate the re ailt to the 
number of molecules of the first kind. 'V\''e must then, by integrating 


determine the whole encrg\" of the system, and equate it to the original energy. 
We shall thus obtain a sufficient number of equations to detennine the constant A, 
common to all the molecules, and B,, B^, &c., those belonging to (‘ach kind. 

The value of A determines that of the mean kinetic energy of all the molecules 

in a given place, which is ^ therefore, according to the kinetic theory, it 


also determines the temperature of the medium at that place. Hence, since A,, in 
the permanent state of the system, is the same for every part of the system, it 
follows that the temperature is eveiy'where the same, whatever forces act upon 
the molecules. 

The number of molecules of the first kind in the element dz dy dz. 





dx dy dz. 


( 21 ) 


The effect of the force whose potential is is therefore to cause the molecules 
of the first kind to accumulate in gi’eater numbers in those parts of the vessel 
towards wliich the force acts ; and the distribution of each dilferont kind of 
molecules in the vessel is determined by the forces which act on them in the 
same way as if no other molecules were present. This agrees with Dalton’s 
doctrine of the distribution of mixed gases. 


On the of least Moments in a Rectangular Beam. By John Neville. 


On certain Phenomena of Impact. By Professor Osborne Heynolds. 


On Ethereal Friction. By Professor Balfour Stewart, LL.D., F.R.S. 

Prof. J. 0. Maxwell has made a series of experiments on the friction of gases. 
In these experiments a horizontal disk was made to oscillate in an imperfect va- 
cuum near a similar disk at rest, and it was found that the motion of the oscilla- 
ting disk was earned away by the residual gas of the vacuum at a rate depending 
on the chemical character of the gas, and depending also upon its temperature, but 
nevertheless independent of its density. 

While the temperature of the arrangement remained constant, it was found by 
Prof. Maxwell that this fluid friction was rather greater for atmospheric air than 
for carbonic acid, while for hydrogen it was about half as great as for air. 



TRANSACTIONS OF THE SECTIONS. 33 

On the other hand, when the temperatures were made to vary, the result was 
found to he proportional to the absolute temperature. 

These experiments do not show that there is no such thing as rethereal friction — 
that is to say, friction from something which fills all space and is independent of 
air ; but we may argue from them that such an sethereal friction must either have 
been nearly insensible in these experiments, or it must, as well as the friction from 
the gas, have varied with the absolute temperatures, in which case the two frictions 
would not be separable from one another by the method of the experiment. 

Prof. Tait and myself have made some experiments upon the heating of a disk 
by rapid rotation m vacuo. In these experiments we found a mere surface-heating 
due to air, which varied not only with the quality but also with the quantity of the 
residual gas j and we also found a surface-eftect (more deeply seated, however, than 
the former) which appeared to be a residual effect, and which it is possible may be 
due to sethereal friction. We made no experiments at varying temperatures ; but 
we made use of various residual gases, and found that the heating-effect for 
carbonic acid was perhaps a trifle less than for air, while that for hydrogen ap- 
peared to be about four times less than that for air. Now, comparing Prof. Max- 
well’s experiments with ours, we have in the former a stoppage of motion, which is 
rather less for carbonic acid tlian for air, and about half as large for hydrogen as 
for air. In the latter, again, we liave a heating-effect rather less for carbonic acid 
than for air, and only about one fourth as large for hydrogen as for air. Thus it 
appears that Ihe stopping effect of hydrogen in Prof Maxwell’s experiments is re- 
latively greater in comparison with air than is its heating-effect in our experiments 
when compared with that of air. The effects of these various gases would bear to 
one another more nearly the same proportion in both experiments if we might 
suppose that in Prof. Maxwell’s experiments there was mixed up with gaseous 
friction a very sensible a3thereal friction ; but in that case it would be necessary to 
suppose that the mtlu'real friction was proportional to the absolute temperature. 

During the ^Meeting of the British Association at Edinburgh, I brought before the 
Association reasojis for imagining that if we have a body in visible motion in an 
enclosure of constant temperature the visible motion of tlie body will gradually be 
changed into heat. The nature of the argument was such as to render it probable 
(although not absolutely certain) that in such a case the rapidity of conversion will 
be greater the liighei the temperature of the enclosure. 

1 will now refer to some experiments of Prof Tait, wiiich fornuHl the subject of 
the last Kede liecture. Tliese (ixperimeiils were suggested to Prof Tait by an 
hypothesis derivi'd from the theory of the dissipation of eneiyiy, which led him to 
think that the rc'sistance of a substance to the conduction of (dectricity, and also of 
heat, would be found proportional to the iibsolute temperature. Matthiessen and 
Bose in the case of electricity, and Principal Forbes in the case of heat, had 
alixjady proved that, as a matter of fact, the law was not very different from that 
imagined by Prof Tait. The riisult of these experiments has been to confirm the 
truth of this law. 

The following considerations, also connected with the dissipation of energy, point 
to the same conclusion, l^erhaps we may regard the mther(‘al medium as that 
medium whose office it is to degrade all directed motion and ultimately convert it 
into universally diffused heat, and in virtue of which all the visible differential 
motion of the universe will ultimately be destroyed by some process analogous to 
friction. 

Now in order to imagine the w'ay in which aether may possibly act in bringing 
about this result, let us imagine some familiar instance of directed motion, as, for 
instance, a railway- train in motion. The train, let us suppose, and the air in it, 
are both in rapid motion, while the air outside is at rest. Now as the train pro- 
ceeds, suppose that a series of cannons loaded with blank cartridges are fired 
towards the train. A series of violent sounds will go in at the one window and 
out at the other of each carriage. Each sound will push some air from the stratum 
of air at rest into the carriage on the one side, and it will push some air from the 
carnage into the stratum at rest on tlie other side. Now in this operation it would 
seem that part of the visible motion of the train must be taken from it. To make 
a comparison, it is as if a series of individuals were jumping into the train at the 
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one side and out of it at the other, the result being that each carries away so much 
of the motion of the train, and therefore renders it dillicult for the engine to drive 
the train. Each individual comes to the ground with an immense forward impetus 
and rubs along the ground till this is lost, in fact he carries with him so much 
motion of the train and converts it into heat by friction against the ground. 

Now something similar to this must happen to a substance in visible motion in 
an enclosure of constant temperature. The rays of light and heat will play very 
much the same part as the waves of sound, or as tlic crowd of people in the above 
illustration, at least if we except those wliich fall ptb pendicularlv upon tlu^ surface 
of the moving body. The moving body is like the train, and the rays of light and 
heat are similar to individuals entering the train from a stratum of netlu'r at rest, 
and leaving the train into a stratum of mther at r(\st again, each probably transmu- 
ting into heat a certain small portion of Die visible^ motion of tlie train as it were 
by a species of friction. Of course the intensity of such an influen(*e would di^pend 
upon the intensity of the rays of light and heat. Now it matters not what the 
particular kind of motion be which constitutes this train, and we may assert that 
all directed motion will suffer from such a cause, and possibly according to the 
same laws. Visible motion, such as that of a rotating disk or of a meti'or is of 
course one form of such motion ; but a current of (dectricity or of heat may equally 
represent some form of directed motion. In fiiu^ we ma;s perhaps siqqiost' that all 
forms of directed motion are resisted by this peculiar inlliience, which evidently 
depends upon what we may term the temperature of th(‘ icther, or at least upon the 
intensity of those vibrations which the aether transmits. 


Astronomy. 

On the Importance and Necessitij of cont'tnved Systematic Ohservations on the 
Moons Surface, Byy\\ li. Lirt, F.ll.A.S, 


Note on the Proper Motions of N hid a\ 

By William Hfggixs, 1j,C.L,, LL,D., FJLS, 

There are three kinds of motion which we may expect to exist in a nebula, which, 
if sufficiently rapid, might be detected by the speetroscone : — 

1. A motion of rotation in the case of the planetary luMiula), which might be dis- 
covered by placing the slit of the spectroscopi* on opposite limbs of the nebula. 

2. A motion of translation in the visual direction of some portions of the mdju- 
lous matter within the nebula. Such motion might possibly oe detect(‘d by com- 
paring, in a spectroscope of sufficient dispersive power, the spectra of difierent parts 
of a large neoula such a.s that in Orion. 

.3. A motion of tran.slation in space of the nebula in the line of sight. 

The observations to be described were undertaken with the view of searching for 
this last kind of motion, namely that of the whole nebula in the line of sight. For 
this purpose it is necessary to compare the lines of the nebula with those of a ter- 
restrial substance which has been lound to be in the nebula. Now the coincidence 
of the third and fourth line of the nebular spectrum with lines of hydrogen was 
available in the case of a few only of the bright(.‘st nebuhe. 

I had found that the apparent coincidence of the brightest line of the nebuhe with 
the brightest line in the spectrum of nitrogen was not maintained when a more 
powerful spectroscope was used. The nebular line; was then seen to bo thin and 
defined, while the line of nitrogen appeared double and each of its components 
nebulous at the edges. The thin line of the nebula coincides very nearly with the 
less refrangible of the two lines forming the double line of nitrogen. 

Fortunately I found a line which appears under some conditions of the spark in 
the s]K‘ctrum of lead, wliich is single, defiiit*d, and occurs exactly at that part of 
the spectrum. This line is represented in Thal^n’s maj) by a short line, to indicate 
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that under ordinary conditions of the spark, when the characteristic lines of lead 
are strong, this line is seen only in the part of the metal vapour which is close to 
the electrode. I found, however, that under other conditions of the electric dis- 
charge this line extends across the spectrum, and becomes bright, at the same time 
that the principal lines of the lead-spectrum are very faint. 

A simultaneoiis comparison of this line with the brightest of the lines of the 
nebuhe showed that, if not truly coincident, it was sufficiently so, under the powers 
of dispersion which can be applied to the nebula3, to serve as a fiducial line of com- 
parison in the observations whicli I had in view. 

I need not say that the coincidence of the lines does not indicate the presence 
of lead in the nebula. 

1 found that in the spectrum of the great nebula in Orion, at the same time that 
tlie third line was seen to be coincident with 113 , the first line appeared to coincide 
with the liiKi in th(‘- spectrum of huul. There was a very slight apparent excess of 
breadth in tlui nebular line, due possibly to its being in a small degree the brighter 
of the two, which app(‘ared to extend towards the red, so that the more refrangible 
sid('s of the lines were in a right line. 

The lead line could now be used as a fiducial line for the examination of the 
motion of the mdjuloe which are too faint to permit of direct comparison with hy- 
drogen. 

lly this method the following nehulm have been carefully examined. In all 
these n(‘bul;e the relative position of the first nebular line with the lead line was 
found to bo exactly the same in a spectroscope containing two compound prisms 
which tog(dher give a dispersion about equal to that of four single prisms of dense 
Hint of GO 

The results, though negative, arc, however, not without interest, as they show 
that these iiebulne were not moving toward or from the earth with a velocity so 
great as thirty miles per second. 


List of Nchul<t. 


No. 1179, 

h. 

300. 

II. 

M. 42. 

No. 4*2:U. 

1070. 


2. 5. 

No. 4:i7d. 
No. 4490. 

2000. 

lY. 37. 

2. 0. 

No. 4 147. 

2073. 


M. 57. 

No. 4410. 

2047. 

lY. 41. 


No. 4904. 

2241. 

lY. 18. 



The numbers in the above list are from Sir J. Ilorschero ^ General Catalogue of 
Nebulas.’ 


On the Application of Photography to show the passage of Ve^ius across the 
Su7i's Dish, Bg M. Janssen. 


Results of some recent Solar Investigatmis. By J. Norman Lockyer, FM.S, 


On the Visihility of the Darh side of the Planet Venus, 
By Professor A. Schaearik, Prague, 

f Ordered to be printed in extenso among the Reports.] 
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Light. 

Experiments on Lujht with circularly ruled plates of Glass, 

By Philip Praham, F.C.S. 

A point of liglil, viewed at a distance throuj^li plates of glass with concentric 
circles ruled thereon, is seen to be surrounded by rings of brilliant colours. The 
author tried the experiment of introducing the ruled olass into a beam of sunlight 
A an inch in diameter, and viewing the rings on a screen placed 10 feet from the 
ruled plate, with the following results : — 

With 2500 lines to the inch there appear two rings of colour, the diamtders of 
the red rings (which are always outward) being 1 foot 5 inches and 2 feet 10 inches, 
the width of the rings from the outside of the red to the inside of the violet in each 
case being respectively 5^ inches and OJ inches. 

With 3500, 1 foot inches and 3 feet inches, width 4}'' tind S". 

AVith 5000, only one ring 3 feet in diameter, width 8". 

With 10,000, one ring 5 feet in diameter, width 11". 

There are other rings visible, but they are faint and indefinite. 

The coloured rings are also seen by rellection from the outer glass, with the same 
angulai' dispersion. 


On some Abnormal Effects of Binocular Vision. By W. S. Davis. 

AAliile using a Ilcrapath blovv^pipe a short time since, and having my eyes fixed 
intently on a bead held in the iiame, 1 was suddenlv startled by sedng the pa}>ered 
wall, which was about three feet in front of me, make its ap})earance clo'-e up to 
the point of the flame, the patterns of the pap(‘r beinp at the same time much 
diminished in size. Casting my eves from side to side, and upvv*ards and down- 
wards, the appearance still remained as distinct as in ordinary sight ; on moving 
my eyes beyond the boundary of the wall tin* appearaiua^ immediat'lv vanished. 
1 afterwards succeeded in reproducing the ajipearance b\ simply looking at the vvuill 
and converging the optic axes of my eyes. 

It occurred to me that the ph(*nomenon 1 had seem was due to the crossiny of the 
o})tic axes of my eves, the angle being such that each c' ve received the iniprt‘Ssion 
of a precisely similar figure. Under these circiimstanct's a single* figure would ho 
seen, as when a single Hat o])ject is vievveel witli both eyes in ordinary sight. In 
order to satisfy myself that this was the* correct c\})laiiation I made* a geometrical 
construction, traced tlie relations which should hold, and verified them by actual 
nioamrememts. 

Continuing my experiments, I succeeded by a further conve‘rgence of the ojdic 
axes to comoine alternate patterns, and jiairs still more widely separated, up to 
twelve or more. It is a very intere.sting (*xperiment to combine a given pattern 
with, say, the fifth or sixth from it, and then by a peculiar ellbrt, more easily made 
than described, to let one pattern slip at a time, the wall retreating by steps as each 
pattern is slipped. 

On one occasion, when I had combined two patterns at some distance apart, 1 
happened to shut one eye, when, to my surprise, the comhinational ligiire r(miained 
as distinct and at the same distance as btTore. 1 can only account for this by sup- 
posing that the muscles of the eye vvhicli was closed vv(*re still acting in sympathy 
with those of the open eye ; and subsequent experiments favoured this view. 

The results of the foregoing experiments led me to tliink that it would be possible 
to optically combine two patterns without cimsing the optic axes, provided the 
distance between the centres of the patterns was not greater than that between the 
centres of the eyes. This I succeeded in doing, and the result was very remarkable : 
the wall appeared to retreat and take up a fixed position at some distance beyond its 
actual position; on looking slowly upwards and sideways along the wall the di- 
mensions of the room appeared to be enormously increased, while on looking down- 
wards I appeared to be perched on a sort of gallery, tlie wall appearing to be several 
^ards from me, and descending many yards below the floor on which I was standing. 
This appearance was as vivid and distinct as in the case of ordinary vision. 



TRANSACTIONS OF THE SECTIONS. 


37 


With patterns on a horizontal surface, such as a carpet, the results were very curious. 
On comhining; pairs of patterns with the optic axes crossed, I appeared to be stand- 
ing in a hole with the level of the floor up to my waist, while on combining pairs 
of patterns with the optic axes uncrossed, I was apparently standing on a pedestal 
with the widely expanded floor far below me ; and so strong was the delusion, that 
1 could scarcely a enture to move for fear of falling over. 

Colours I found ccmld be fairly well combined by painting two patterns different 
colours and then causing the two to coalesce, with or without crossing the optic 
axes. 

I have also succeeded in combining two solid bodies of the same size and shape, 
but of dilferont colour, both with the optic axes crossed and with them uncrossed. 
Perhaps one of tlic most curious experiim^nts 1 have made of this kind is to opti- 
cally combine the heads of two persons, thereby producing a combinational figure 
of the two. 


On a licfracthm-l^pccfnmi ivlthont a 
if // Professor J. I). Eveki^tt, 

It was pointed out hy Y>"oIlastoii in the Philosophical Transactions for 1800, that 
triple images can he obtained by looking at real objects through the stratum of 
intermixture of two li(piids of different refractive powers, one of ^\hich has been 
gently poured on the top of the otlier. 

Having set up an arraii:.'enient of this kind last spring, in a cubical vessel (mea- 
suring () inches each way) witii plate-glass sides, a strong solution of eommoii salt 
being the lower liquid and inire water the upper, 1 observed such d(*cidc(l celour- 
etlecls, that the idea occurred to me of trying whether a spectrum could be obtained. 
1 accordingly placed the vessd of li/juid on a high stool in the centre of a dark room, 
and looked through the stratum of interinixture at a horizontal slit in the window- 
shutter, which was about 10 feet distant, and was bdow the level of the said stra- 
tum. The following were some of the phenomena observed, about a week having 
elapsed since the liquids were placed in the vessel. When the eye was at any dis- 
tance less tiian about 0 feel from the vessel, one image of the slit was seen. It was 
highly coloured, forming a 'very impure s])ectriim, with blue above and red below. 
Its aiiparent position was above the real slit, and at about the same distance from 
the ohseiner. 

When the eye was at a distance of feet or upwards from tlie vessel, three 
images of the slit were visible. At some distances they could all be seen at once. 
At other distance's two could he seen at once, and llie tliird came into view on rais- 
ing or low('iing the (‘vo. All three of tliem were above the true direction of tlie 
slit, and all were highly coloured. Tlie liighest and the lowest were virtual images, 
and were almost ])re(‘i^ely alike and similar to the single image above described. 
Tbey were erect images, and had accordingly blue above and reil below. Pet ween 
thenu, when the eye Avas at a proper height, was seen another image with more 
colour than eitlu'r, and with the colours iu inverted order, that is to say, with 
red above and blue below. It Avas in fact a real and inverted image, formed at 
the distanc(i of about 3 feet fioni the vessel ; and a screen held there received the 
image in the form of a Ijorizontal line of light with coloured edges, the action of 
the liquid being someAvhat similar to that of a cylindrical lens. All the images 
were A^ery impure in colour, being nearly Avhite iu their central portions. 

The colours Avere irnproA^ed by loAvering the eye so as to make the middle image 
move up to the highest. Eed Avas the first colour that appeared at the junction ; 
and it showed extremely well. Violet (or when the light was feeble, blue) was 
the last colour that Avas seen before both images became extinct by the descent of 
the observer’s eye. 

The largest sheets of colour were seen when the eye was exactly at the place 
where the real image was formed. It Avas easy to obtain a long vertical strip of 
blue by holding the eye at the distance of about 3 feet, and a long vertical stiip of 
red by bolding the eye at the distance of about 4 feet. A long vertical strip of rich 
yellow could be obtained at an intermediate distance. 

The experiment was varied by holding close in front of tlie eye a card with a 



88 


REPORT — 1878. 


fine horizontal slit, the observer of course looking through the slit j and in some 
of the observations this card was fixed in an adjustable stand, and the slit brought 
into coincidence with the real image before looking through. The red and blue 
were not much altered by the introduction of the card ; but yellow could with diffi- 
culty be obtained, the yellow previously obtained having in fact been a highly com- 
posite colour. 

The apparatus was left to itself for several days ; and its focal length was found 
to be continually increasing; that is to say, the real image receded further and 
further from the vessel, the average recess (estimated very rouglil}') being about a 
foot per day, till it reached the wall, which was 10 feet distant. 

The experiment was repeated, first with solution of sugar of lead, and secondly 
with solution of alum, in place of solution of salt ; but the original experiment gave 
the finest displays of colour. 

There is no ditiiculty in explaining the phenomena above described. They arc 
mainly due to the Ijonding of rays towards tliat side on which the index of ndrac- 
tion is greatest (which in tlie above instances is the lowtu’ sidt*), and to tlu' fact 
that this bending is greatest for the rays of shortest wave-length. The matrnitud(‘, 
however, of the chromatic eifect is %erv startling; and 1 am not awart* that any 
such results have been pretiously r(‘Corded. 

Vossihly the increase of focal lengthin sucli an arrang('ment a^ is above d<*sciib('d 
may be found to furnish a convenient test of tlie rapidity of liquid ditlusioii. 


On Irradiation, Bij Professor G. Forbes. 


Photographs of Fluorescent Substances, Exhibited by T)r. Gladstone, F,ll.S, 

These photographs were of the saim; nature as those exhibit(*d at th(‘ Metding in 
1859, to show that the alteration of the refraneibility of tlu‘ exlr(*me rays of the 
spectrum by tluoriiscent substance^ ivduce.s ihtnr clieinical activity. Put as it had 
been objected that the lessened photogra])hic efli‘Ct mijiht be due to a change of 
surface through wetting the pajier and coating it with a salt, a crucial exptu’iment 
was made by writing on a pi(‘ce of white pa}>er with black ink, bisulphate of qui- 
nine, bisulphate of potash, common salt, and pure water. hen this was jdioto- 
gi’aphed, the writing in water or in the non-tiuoresceiit salts was not percaqitible, 
but the fluorescent quinine was strongly remha-ed, tliough not so strongly as the ink. 
In another photograph, howevcT, two gdasses lilh'd re>pccti\ely wdth ink and wdtli 
a very strong but colourless solution of quinine, came out equally almost black. 


On the Dresser -lintherford Diffraction-grating, 
By J. NoiniAN LocKYEit, F,li,S, 


On the Relation of Geometrical Optics to other Branches of Mathematics and 
Physics, By Professor Clerk Maxwell. 

The author said that tlie elementary part of optics was often set before the student 
in a form which was at once repulsive to the mathematician, unmeaning to the phy- 
sical inquirer, and useless to the ])ractical optician. The mathematician looked for 
precision, and found approximation ; the physicist expected unity in the science, 
and found a great gulf between geometrical and physical optics ; and the optician 
found that if he had to design a microscope, he was expecbnl to combine the ana- 
lytical power of a Gauss with the computative skill of a Glaisher before he could 
make head or tail of the formulie. The author maintained that elementary optics 
might be made attractive to the mathematician by showing that the correlation 
between the object and the image is not only an example, but the fundamental type 
of that principle of duality which was the leading idea of modern geometry. The 
object and image were homographic figures, such tliat <weTy straight line or ray in 
the one was represented by a straight lino or ray in the (dlier. The relations between 
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pairs of figures of that kiud formed an important part of the geometry of position, 
an excellent treatise on which had been brought out by M. Theodor Ileye. To the 
physicist he would exhibit the unity of the science, by adopting Hamilton’s cha- 
racteristic function as explained in his papers on systems of rays, and using it in the 
most elementary form from the very beginningof the subject, leading at once to the 
undulatory theory of light. At the same time the practical optician would learn what 
were the cardinal points of an optical instrument, and would bo able to determine 
them without taking the instrument to pitjces. Helmholtz and Listing had pointed 
out the advantages of the method to the oculist ; and Beck had recently placed some 
of the clemt'iitary points in a clear light. Casorati had also exemplified some of the 
advantages of the method of homograpliic figures in elementary optics ; but though 
Gauss, the modern founder of that method, and several others, had made honourable 
mention of th(‘ name of Itoger Cotes, and of that theorem with respect to which 
Newton said that “if Mr. (jotes had lived we should have known something,” no 
oni! s<‘omed to have suspected that it would form the meeting-point of all the three 
methods of treating the science of optics. 


On a Natural Limit to the Sharpness of the Spectral Lines. 

By Lord llAYLEtair. 

[Published in cdfoiho in ‘Nature’ for Oct. 2, 1873.] 

On the Ii(Jlue)ice of Temperature and Pressure on the Widening of the Lines 
in the Sj}ectra of Gases. By Aktiiuh Schuster, Ph.D. 

The question has oftf-ii l)een discuss^'d whether it is temperature or pressure which 
causes (lie widc'uing of tlie lines in the spectrum of hydrogen. Some spectroscopists 
are of o})inioii Unit this widening of the lines is caused by the clashing together of 
the gaseous molecules, while otluu-s seem to think that the forces which maintain 
the niole(uil(> in vibration are alteriul by the temperatim^, and now allow the mole- 
cule to vibrate in difierent or less-deiiiu'd periods. It is ditlicult to decide the 
qutjstion by experinuTit. The only means we have to render the gas luminous is to 
pass an eh'Ctric curnmt throug-h it. But W(‘ know not in what way this current 
mil Lienees the velocity of the molecules, and therefore the number and force of the 
shocks. We cannot alter the temperature of the spark without altering the pressure 
within it ; and therefore we cannot di'cidi^ the question, as has been tried, by merely 
changing the mode of discharge. The following consideiations seem to me to be 
strongly in favour of the view that each separate molecule would show at all tem- 
peratures the narrow lines, but that the shocks of the other molecules catise the 
widening. P'rankland and Lockver have found that if we increase the pressure of 
hvdrogcm while an electric current is passing through it, the lines begin to expand, 
all the spectrum becomes continuous, and, tiiially, the resistance becomes so large 
that the electric curj’ont will not pass at all. On the other hand, Gassiot and Pliicker 
have observed that if we diniinism the ]n’essuro of hydrog<m its eli'ctric resistance 
diminishes, attains a minimum, then increases again ; and if we keep on exhausting 
the tube, it biicomes so great again that the current cannot pass. Plucker says that 
a tube exhausted to its utmost limits shows the lines of hydrogen and silica. He 
says at one place, “ 1 think that the lines are very fine and distinct.” If there 
had been any widening, he would have been sure to mention it. Now it is not 
too much to assume that the resistance of the gas at the moment when the 
discharge just ceases to pass is the same whether the increase of resistance is pro- 
duced by too gre^ a pressure or too great an exhaustion. At this moment, there- 
fore, the current is the same, and the same energy must be converted into heat by 
resistance. But in the case in which the current does not pass on account of the 
excessive diminution of pressure, tluTo is only a much smaller quantity of gas to be 
heated than in the other case ; it must consequently^ be heated up to a much higher 
temperature ; and yet the spectrum is not continuous ; the lines are not even 
widened. We are therefore compelled to accept Frankland and Lockyer’s original 
conclusion, that pressure, and not heat, is the cause of the widening of the lines. 
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On a curious Phenomenon observed on the top of Snoivdon, 

By Arthitr Schuster, Fh.B. 

This was a short account of a curious phenomenon observed by the author two 
years ago on the top of Snowdon, lie saw his own shadow surrounded by hve 
concentric coloured bows, which seemed to approach as the fog came nearer, until 
at last he saw the shadow of his head surrounded by a brilliantly coloured ring. 
Similar phenomena have often been observed ,* but so great a number of bows has 
never been seen. 


Heat. 

On Thernud Cohductivity. By Prof. G. Forbes. 


Notes of some Expemnents on the Thcnncd Conductivities of certain I^ocl's, 
By Prof. A. S. IlEKbCiiEL, B.A., 

The paper read was an abstract of th(‘ pliysical portion of that communicated to 
the Geological Section by PndesMU Jirrschel and Mr. G. A. Lebour. It wa*' re- 
marked that tin principal diliiculty in determining tlnTinul conductivities from 
experiments with thin plates, is to ascertain the re«il teinperatur'-s of their faceS 
during the tr«Tnsmivsion of the heat. The measuriunents of temperatur** were 
made with tin rmoelectric couples of thin platinum and iron wires connected with 
a Thomson’s ictiecting galvHiiomet(;r ; and it was found thnt aItlK)Ugh enclosed 
between two metallic plates dilieriiig as much as 80 or (’. from each other 
in temperature, the corre>]»onding range of temperature between the two surfaces 
of the half-inch rock plates employed in the experiments only amount('d at most 
to between 8’ and O' C., while the amount of lieat transmitt(d with this range 
corresponded very nearly to tlie approximately known thermal condnctivilies of 
the rocks. The thermal resistance between tlie surfaces of solid conductors and 
air or other Iluids in which they are imnn'rsed having bt^en shown by lV*clet to 
arise from an adhering tilm of tlie badly conducting liuid with which they are in 
contact, it is proposed in another series of experiments, by varying the thicknesses 
of the conducting plati's, to ascertain tlie law’s of this resistance, and, if they admit of 
a convenient interpretation, to arrive at some simple means of eliminating the effects 
of its infiuence upon the calculated results of expmiments like tliose to which the 
various rock-speciun ns now examined liave hitherto been pro’visionally submitted^ 
and to obtain exact determinations of their real powers of conducting heat. 


On the Correlation hetioeen Bpeeijle Weiyht and SjteciJlc Heat of Chemiced 
Elements, By Prof. Zengek. 


Electricity and Magnetism. 

On the Molecular Chanyes that accomjpany the Magnetization of Iron, Nickel, 
and Cobalt, By AV. F. IUrrett. 


On the llelationshijp of the Magnetic Metals, Iron, Nickel, and Cobalt. 
By W. F. Uarrett*’. 

* Soo the Philosophical Magazine for December 1878, p. 478. 
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On Symmetric Conductors, and the construction of Llyhtning -conductors. 

By Prof. Cn. 7. Zenger^. 

It is an experiment very well known in physics, to place two insulated metallic 
hemispheres in contact with an insulated sphere of brass. If the former be charged 
with electricity and renioved from the inner brass sphere, no trace of electricity is 
found on its surface. The electricity is shown to be accumulated only on the sur- 
face of the outer spherical conductor, with equal tension at every point of that 
surface. 

The author shows that if the outer hemispheres be replaced by two circular 
wires, no action whatever will be found on the inner conductor. This fact may be 
best illustrated by the apparatus shown, which consisted of a very sensitive electro- 
scope placed on a brass plate, supported by a well-insulated stand. If a charged 
ebonite rod be brought near to tiie electroscope when protected by two circular 
wires placed round it, in such a manner as to be in connexion with its gold leaves, 
or even if it is brouglit into contact with the ball of the electroscope, there is no 
action upon the leaves; and if the eleclritied rod be brought between the two 
■wires and the electroscope itself, only a small actio.'i is observed. The autlior has 
tried this experiiiumt with a powcudul electric machine (a lioltz macliine), and 
finally with a large induction-coil of Uiiliinkortr; and the result was, that sparks 
of iio centims. length produced no etfect on the electroscope. 

At tlic request of M. haye, Kulnnlvorll'niadci similar experiments -with his largest 
electric machines, putting a workman in the space between the protecting wires. 
T^icre was no sensution of eh*ctric shociws on using the most powerful electric 
machine, though a shock was hit on the head of a workman when a large induc- 
tion-coil was ustd. The author stiowed that the eflect produced by the action of 
the pointed needle, though greatly diminished by the wires, is yet sensible, and 
that in Ituhinkorff s experiment a discharge produced by the interference of a 
pointed body may account for the diilerence observed by him. 

It is easy to see that this experiment may prove useful in regard to the construc- 
tion of electric apparatus and of liglitning-conductors. The author, therefore, has 
examined the action of other forms of syniinetrically-arranged conductors. In the 
first instance he tried parabolic wires, joined in the same manner to the electroscope 
to be protected from the action of electricity, with the same elfect; next rect- 
angular wires. If the electroscope is placed exactly in the middle of the rectangular 
wire, no action is observed ; placing it excentricaliy, there is small but increasing 
action, at least if electric sparks of great intensity are striking the ball of the elec- 
troscope. If a needle or any other sharp -pointed body is placed between the pro- 
tecting wire and the electroscope, it is (*asy to observe the different actions produced 
by placing the electroscope in an excentrical position. 

Symmetrical wires placed on buildings or over entire cities in this way, would 
probably give complete protection from atmospheric electricity ; for if the electric 
clouds were even to enter between the objects protected and the protecting -wires, 
their activity would be greatly diminished, as shown by the experiments described; 
for the wires would become immediately charged, and nearly all the electricity 
would be accumulated on their surface, without any danger to the protected build- 
ings of being struck by lightning. 


Meteorology &c. 

On the Undercurrents of the Bosphorus and Dardanelles, 

By William B. CAiirENTEK, MD,, LL,D,, F,li,S, 

In continuation of his communication last year on the Gibraltar Undercurrent 
and General Oceanic Circulation, Dr. Carpenter gave the following summary of the 
results of the experiments recently made, under direction from the Admiralty, by 
Capt. Wharton of II. M.S. * Shearwater,’ to put to the test the correctness of Dr. 
* Vide Com pics Renrlus de rAoadeniie des Sciences ,Sept. 8, 1872 ; Le Monde, Sept. 1872. 
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Carpenter’s theoretical conclusion that a strong undercurrent must exist between 
the JEgean and the Black Sea. 

Although it is commonly supposed that the Dardanelles and the Bosphorus 
sw^yhcc-ciirrents are oyc/^o?4?-currents, carrying ofi‘ the excess of fresh water dis- 
chiu'ged by rivers into the Black Sea, yet it is now clear that they are in great 
measure tc^/^^;?-currcnts. During about three quarters of the year the wind blows 
pretty steadily from the N.E. (^that is, down the Straits ) ; and, as a rule, the stronger 
and more continuous the wina, the stronger is the surface out-current. On calm 
days, the out-ciu'rent of the Dardanelles is usually slack ; and if, as sometimes 
happens, a strong wind blows from the S.W., its flow may be entirely checked. 
It requires a coiitinuanco of strong S.W. wind, however, to reverse its direction; 
and its rate, when reversed, isne\er equal to thr^t of the out-current. The spiked 
of the Dardanelles current 'varies at di tie rent parts of the Strait, according to its 
breadth — being usually about one knot per hour at (iallipoli, and three knots in the 

In arrows at Chanak Kaleksi, v. here, with a .'troiig IS . J'h wind, it is som(‘times as 
much as four and a half kiiol^, the avt'rage of the whole being e.stiniated by Capt. 
Wharton at one and a half knots. — The Bosjihorus cuiTiUit has not been as car(‘- 
fully studied as that of the Dardanelles; but Capt. Wiiarton states that its rate is 
greater, averaging about two and a half knots ])er hour, apparently in consequence 
of the limitation of it< clianind, which is scarcel v wider at any point than is tluj 
Dardanelle.> at the I n arrows.’’ It continues to run. though at a reduced rate, 
when there is no wind; and it is only in winter, after a continued JS.W. gale of 
long duration, that a reversal of the Bosphorus curreui e\(n’ takes place. 

It might have been supposed that, a> the greatest de])tli of tlii'se twa) Straits 
doe.'' not exceed fifty fathoms, tlie deti rmiiiati(»ii id’ tlie question as to the existence 
of an underciuTeut would be a comparativeh matter. But it is remdered 

dithcult by the \ery rapidity of the luoveiia nt, alike in the up])('r aed tlie lower 
stratum; and the results of the earlitT (‘\})eriiiienls luach* b\ C'ajit. Wharton, in 
wdiich he used the currt'iit-drags that )uid htnai fvjuiid to w’ork satisfactorily in the 
Strait of Gibraltar, wuTe not conclu'ivc. But peiveiMug from the \ery oblique 
direction of the suspendintr line, that the undercurrent must be acting on the 
current-drag at a great dlsad^ antage, Capt. \\ luirteu S(‘t hinist'lf to devise a drag 
which should hang vertical!}, even wluui the Mispejiding linewuis oldique, so as to 
expose a huge surface to the impact of a current at right angles to it This w'orked 
satisfactorily, and gave the mort conclusive evidence ol the ti\istene(‘ of a powerful 
undercurrent, liy draggini/ the suspending buoy imeards ag-ainst the surlaet'-cur- 
reiit; the h/i’ce of which, aided by 'wdnd, was suliicieiit on se veral occasions to 
prevent the row-boatft fiom following tin; buoy, only the slt'am cutteu' being- able 
to keep up wdtli it. The following, wdiich is {he most striking of all his results, 
was obtaiiK'd in the Jiosphorus on the; 21 st of last .Vugust, 'with a surfVece-current 
running outwards at the rate of three and a half knots jier hour, and a N.E. wdiid 
of force 4. ‘‘ lien the cuiTent-drag wa^ lowered to a deqith afterw^ai'ds assumed 

to be twenty fathoms, it at once rushe-d violently away against the siirface-str(*am, 
the large buoy and a small one being pulled completely under wuiter, the third alone 
remaining \isible. It was a wonderful sight to see this series of floats tearing 
through the water to windward. The steam cutter liad to g(.» full spt'ed to keep 
pace wd 111 it.” It is obvious that the real rate of tin; undercurient must bevery 
much greater than that indicated by the actual ino'vrment of tlie lloat, since the 
cun'ent-drag impelled by it bad to draw the large Mispeiidiiig buoys and the uj)per 
part of the line against the powerful surface-curient running at tiiret; and a half 
knots an hour in the opposite direction, their motion through the water therefore 
being nearly four and a half knots an hour. 

The difference in the specific gravity of water obtained from different depths w^as 
usually found in Capt. hartoii s investigations (as in the author's) to afford, under 
ordinary circumstances, a very sure indication of the direction of the move- 
ment of each stratum ; the heavy water of the yEg-ean tlowdiig awards, and the 
light water of the Black Sea o^^^wards. And it was indicated alike by both modes 
of inquiry, that the two strata move in opposite directions, one over the other, 
witb very little intermixture or retardation, the passage from the one to the other 
being usually very abrupt. In a few instances there was a departure from th(‘ 
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usual rule — an movement being found in the deepest stratum, -while the 

middle stratum was moving ewwards, though the water of both these strata had the 
aensity of the ^^Igean. These anomalies are considered by Capt. Wharton to pro- 
ceed from the prevalence of opposite winds at the two ends of the Strait. 

As a general rule, the strength of the ^V^wa^d undercurrent was proportioned 
to that of the et^^ward surface -current ; and this was very remarkably shown in 
cases in which, both having been slack during a calm, an increase of wind aug- 
mented the rates of both currents alike. That a wind blowing ow^ards should 
promote the How of an undercurrent inwards, may at first sight appear anomalous ; 
but it is very easily accounted for. Suppose that a moderate S.W. wind, by 
checking the surface-outflow, ket‘ps the level of the lllack Sea just so much above 
that of the ^hlgean that tlie greater wcipld of the latter column is counterpoised 
by file great(‘r heiijld of the fornuT; tlum, as the hottoin pressures of the two are 
equal, tluur lateral pressures will also ])e equal, and tlierc will be no undercurrent 
so long as this condition lasts. lJut vso soon as, on the cessation of the S.W. 
wind, tlu* leA(d of thf^ JJhjch Sea is lower{al by a surface-outflow, the .^]gean 
column coiiu's to he the lieavuT. and its cxce.ss of lateral pressure produces a deep 
inflow. And wlien tliis <'a//'llow is furilier aided ])y a N.E. wind, so that the levels 
of th(‘ two seas are e(]iialized, or there* is even an excess of elevation at the /Egean 
end, llif^ grt'alor weight of tlie >Jfg(‘an coliinui will ]>rodu^‘e a greater lateral pres- 
sure, and will conse'quently incn'ase the force of the fa ward imdercurront. 

ddie rt'sult ol' this expernaentinn crucir may be fairly considered to have clearly 
shown that a slight (ixees'^ of doxrutvaid jw^ssarc — \cliethcr arising from difference 
oTsj)e{‘{/ic (ir((rilip or from diih'naioe oi Jerel quite adt'quate to produce mo-\m- 
ment in great boilies of water, ^^]licll movement may liave the rate and force of a 
current wlieii restri(ded to a narrow (dicnnel. And tlie creeping-flow ” of Polar 
Avater along tlie Oeean-hottom, whhdi, on Dr. Clarpenter’s theory of Oceanic 
ci)'eiilation, hrings a glacial tompr nifure into tlie Intm'troiacnl zone, is thus found 
to have an adt^quate vera cauba In the (‘xeessof dt'ep iaUu'ul ])r(;ssiir<' exerted by tlie 
JV)lar colunii, whose density has been .augmented ])} cold, oAer that of tin* Equa- 
torial column, Avliose density has been diminished by heat, — the levels of the two 
culunins being assumed to be the same. 


On the lief ract ion of Lhpihl Bij W. S. Davis. 


Lunar Influence on Clouds and Rain. Bij J. Park Harrison, M.A. 

On tabulating the mean quantities of cloud at Green wicli in 1871 according to 
tlui ago of the moon, the results agre(‘d generally with the mean rainfall on certain 
days of the Innation as ascmdaiiied by Mr. Chase, an American savant, and Mr. 
Ilennessy, at Miissooric, in India. The author pointed out the necessity of obtain- 
ing special observations, not only of tlie amoinit of cloud, but also its height above 
the earth, before any certain conclusions as to the full extent of lunar iniiuence on 
the atmosphere, and eonsequently on air- temperature, can be arrived at. lie had 
slumni in former communicatioiis that temperature is sensibly affected by the moon. 


On the AjpjAication of Telegraphy to Narlgafion and Meteorology. 
By Asturo i)e Marcoartv. 


On a Periodicity of Cyclones and Rainfall in connexio7i with the Sun-spot 
Periodicity . By C. Meldritm. 

[Ordered to be printed in extenso among the Keporlo.] 
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On Ecc^eriments on Evaporation and Temperature ynade at WisheacTi, 
S. E. J. Skertculy. 


On the Passage of Squalls across the British Isles, 

By G. M. WnirPLE, B.Sc.y F,B.A.S., of the Kcw Observatory, 

After exhibitiiip: the uncertainty attendant upon investifration of meteorological 
laws by the aid of observations made over a small part of the earth’s surface like 
the British Isles, owinp: to the want of well-marked characteristics which would 
serve to identity and track out masses of air moving over tlu^ country, the autlior 
calls attention to squalls which, occurring abruptly and presentinp^ certain dctinite 
features, are recorded in a conspicuous manner by self-rejzistering meteorological 
instruments when they pass over them. 

The appearance of the instrumental curves at the time of a, squall was described 
and illustrated by means of tnicings from tlie Quarterly Weather Kt‘ports of the 
Meteorological Committee ; and a table was ••iven showing a brief history of twenty- 
three squalls, registered in the Reports from l8(>0-7»k 

From this it appeared that their motion is almost invariably in a direction from 
westward to eastward, with a velocity diniini'^hing as they progi'ess. 

The velocity of the easterly motion is sometimes as high as 100 miles per liour, 
and falls as low as 10 miles, the average rate given by the whole series being 
miles per hour. 

Ileterring to other papers which have app('ared on these phenomena, the author 
suggests that use might with advantage be made of a better knowledge of squalls 
in issuing storm warnings. 


Instruments. 

On Dynamometirs in Absolute Measure. 
By Robert Stawell Ball, LL.D.y I\li S. 


On an Improvement in the Sextant. By Capt. J. E. Davis, Il.H.y F.R.G.S. 

This small adaptation to the sextant is intended principally to facilitate the taking 
observ’ations of heavenly bodies, of course with the vi'‘w of fixing positions, rating 
chronometers, &c. It consists of two parts, viz. the micromeder and the indicator. 
The micrometer is simply a toothed wheel attached to the tangent-screw; and to 
the arm of the sextant is attached a pawl or click, adapted to the toothed wheel. 
Each tooth represents one tenth of the circumfercuice or turn of the tangent-screw ; 
so that (presuming the tangent-screw to be correct) whatever alteration one turn 
of the screw makes in the reading on the arc, each click rt'prescnts exactly one 
tenth of that movement ; thus, if one turn of the screw moves the vernier 20 
minutes, each click moves it exactly 2. 

The indicators are two movable brass slides, one placed before the arm, the 
other behind the ann of the sextant, and capable of oeing clamped firmly. By 
means of these there is no necessity to read oil* the observations at the time of 
observing. 

The micrometer movement can be disconnected at pleasure by means of a small 
eccentric, which lifts the pawl. 

In using the sextant, ii the heavenly body is rising, the indicator behind the arm 
is moved with the ami in bringing the reflected image down ; and before it comes 
into contact either with the horizon or its own reflection in the artificial horizon, the 
arm is clamped, and the indicator also. The first contact is the first obsi rvation. The 
tangent-screw is then quickly turned one or two clicks; this opens or se])arate8 the 
two images, which, on coming into contact again, form the second observation ; and 
so on. 



TRANSACTIONS OF THE SECTIONS. 


45 


The advantages claimed for this little invention are 

1. Simplicity in the mode of observing. — ^The author maintains that observations 
can be more perfectly made with a sextant by allowing the objects to come into con- 
tact, and noting the moment of contact, than by bringing them into contact and 
noting that tiling ; thus the observations of the traveller inexperienced in the use 
of the instrument will prove of more value by this mode of observing than by that 
usually followed. 

2. In star observ ations. — Every observer knows full well the difficulty attending 
taking star observations, the trouble in keeping the lamp trimmed, then that of bring- 
ing the focus of th(‘ light on to the vernier in reading olf, and the delay consequent. 
There is also a physic^al difficulty ; viz., in observing, the pupil of the eye has to be 
dilated to tak(‘ in the greatest possible quantitv of light, and suddenly (contracted to 
exclude it in reading off, to be as suddenly changed again. These difficulties, the 
author believes, are avoided by this simple' adaptation. If cireummeridian alti- 
tudes are being observed, all the altitudes before and after crossing the meridian 
are equal ; and if it be necessary t-o record the meridian altitude itself (which may 
occur between the clicks), it can be done b}^ the indicator before the arm ,* hut the 
im.Tidian altitude is not absolutely necessary. 

o. Two sets of star observations can be made by the same sextant without reading 
off, provided their altitudes are not the same — Ilnving takem the first set (say the 
one with tin* lowest altitude), the indicator behind the arm is left to recorcl it, and 
the indicator before the arm will record the other. 

4. In equal altitudes of the sun, before and aft .a’ noon, for time. — After taking 
those in the forenoon, the sextant may be left until the last observation taken comes 
on in r.M., and the altitudes respectively worked back to the first of the forenoon. 

5. In lunar observations. — Every obsc^rven* of lunar distances on board ship knows 
the difficulty attending taking these observations. When there is much movement 
in the ^(‘ssol it takes some time to got the ac'xtant on; but when once it is got on 
the prop(T aiiph', he can hoop the obji'cts in contact, l^y means of the micrometer 
he is not iiec.essitated to remove the sextant from the eye, and can go on taking his 
distances ad Uhitum. 

0. In thick or cloudy, or even rainy weather, when a heavenly body can only be 
spfui for a short time, the observer is not d('p('iid(mt on one observxition, but can 
take a set in less time than be could one or t\v o by the ordinary process. 

7. The check on the tiim*-taker.— A good observer has a difficulty in checking 
his time-taker. The process to detect error is ratlnu’ long and comjilieated ; but the 
measurements of arc being ('qual by the micrometer, an error in time is at once 
detected. 

8. In nautical survi'yiiig. — The indmator attached totiie ordinary sounding quin- 
tant will prove useful ])y enabling tlie two angles, to fix a position, being taken 
without removing the st'xtant from the ('yc?, and thus avoiding the necessity of 
having two observers (often necessar}), or the use of a double sextant. 


On an Ini^irument for the Composition of two Harmonic Curves, 

Bp A. E. Donkin, M.A., Fellow of Exeter College, Oxford, 

Since a simple harmonic curve may be regarded as the curv^o of pressure on the 
tympanic membrane when the ear is under tlie influence of a simple tone, a 
curve compounded in the ordinary ^ay of two such harmonic curves will be the 
curve of pressure for the consonance of the two tones which they severally 
represent. 

llenci? a machine which lias for its object the composition of two harmonic 
curves, possesscws the means for reiidtuing distinctly visible to the eye the effect on the 
ear of tlie consonance of any two simple tones. 

If a pencil-point performs rectilinear harmonic vibrations upon a sheet of paper 
moving uniformly at right angles to the direction of these vibrations, it describes a 
simple liariiionic curve. If there be now given to the paper, in addition to its con- 
tinuous transverse motion, a vibratory motion similar and parallel to that which 
the pencil has, a complicated curve will be the result, whose form will depend on 
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tho ratio of tho numbers of vibrations in a {^iven time of the pencil and paper, and 
which will be the curve of pressure for the interval corresponding to this ratio. 
The way in which the macliine combines these three motions is as follows. There 
are two vertical spindles capable of revolving* in a horizontal plate. At the lower 
end of each a crania: is fixed ; and at the upper end of each a toothed wheel can bo 
screwed on : this pair of wheels can be connected by^ a third intermediate one. 

The paper upon which the curve is to be drawn is carried upon a rectangular 
frame, capable of sliding horizontally up and down. The frame has a pair of hori- 
zontal rollers at each end, between whicli the paper passes as the rollers tuni ; and 
a uniform motion is given to them b}' means oi a long pinion * working into tho 
teeth of a wheel fixed on one of them, and up and down which the frame slides. 
This long pinion is turned by one of the vertical spindles, A connecting-rod is 
cai'ried from the crank of tliis spindle to the frame, by means of which a vibratory 
motion is communicated to the latter, which motion, though not truly har- 
monic, is, owing to tho length of the connecting-rod and small radius of tho 
crank, quite sufficiently so for practical purposes. A similar and parallel motion is 
given to a small glass pen by means of a connecting-rod from the other crank. 
This pen is so arraug('d as to rest upright with its point upon tin* paper. If tin; 
intermediate wheel be now put into gear with those on tin* s])indles, and either of 
them turned by a winch provided for the purpose^, a curve corresponding to tho 
ratio of the numbers of teeth on tin; spindle-whecds will immediately lx* drawn. 

The general form of equation to the curves which tho instrument can produce 
will evidently be 

y=a sin sin (a.r-f-/3). 

Here a and h are the radii of the cranks, which can be altenal at ph'asure from 0 to 
half an inch ; m and n are limited by the numbers of teeth of tlu^ wlnxds with which 
the instrument is provided, while a and depend on the phases (jf tluj cranks, /. c. 
the relative position they are in with respect to the vertical ])lane passing through 
their axes wlu'n the interiuediat(‘ wheel is brought into gear with them. 

As an example, by taking 7a = o4. 7^ = 27, a = />=half an inch, the cime drawn 
will be that corresponding to an octave. Substituting a wheel of o5 teeth for tliat 
of 54, the curve alters its form to that reprebenliiig an octave out of tune. Ag*ain, 
the numbers 48 and 45, which have the ratio j would give the curve corresponding 
to a diatonic semitone. The form of this curve, as of all others where the ratio 
approaches unity, shows very distinctly the beats which would ('iisuc upon sounding 
the corresponding consonance. 

’adii of the cranks at pleasure, tho ciirv(\s corre- 
70 tones of unequal intensity can also be drawn, 
the p(‘riod of any curv(‘ is contained depends on 
Since this can he. regulated at ])k^")sure, by means 
contrived for the purpose, the curves may be either extended or compressed ; that 
is, the period may he made either long or short. Tin* geiieral form of any curve, 
however, is better seen in the latter case. The maximum width of contour in any 
ciu’ve is equal to twice the sum of the radii of the cranks. Thus when these are 
each half an inch, the curve will h(» two inches wide. 

The instrument is constructed by Messrs. Tisley and Spiller, of Brompton Road, 
to whom several improveunents on tho original mod<d are due. 


feince it IS possible to vary the i 
spending to the consonance of tv 
'J4ie lengtli of paper witliiu which 
the rate at which the rollers turu. 


On an Imp>^oved For^m of Aneroid for determining IL iglits, with a means 
of adjusting the Altitude -scale for various Temperatures, Ihj Roueks 
Field, B,A, 

The author begins by stating that the object aimed at in designing this improved 
form of aneroid was to simpliiV the correct determination of altitudes in cases such 
as ordinarily occur in England., and that the instrument is therefore arranged to 
suit moderate elevations, say of 2000 feet and under, and is not intended for consi- 
derable elevations. 

The table which is adopted in graduating the aneroid described is that given 
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by the Astronomer Royal in the ' Proceedings of the Meteorological Society/ vol. 
iii. page 400, and gives results which lie between those of other authorities. 

Aneroids constructed for the determination of elevations by readings from analti- 
tude-scale consist of two classes — one in which the altitude-scale is fixed and the 
other in which it is movable. The first class of aneroid, with a fixed scale, is 
accurate in principle ; but the scale only allows for one of the conditions whicdi 
have to be taken into account, viz. the varying pressure of the atmosphere ; and the 
other condition or temperature of the atmosphere has to bo allowed for by calcula- 
tion. The second class of aneroid, that with a movable scale, is radically wrong 
in principle as ordinarily used, inasmuch as the movable scale must be graduated 
for one fixed position of the zero ; and when the zero is shifted at random, according 
to the position of the hand of the instrument, the scale necessarily becomes inac- 
curate. 

In the improved aneroid tht‘ scale of altitudes is movable, but, instead of being 
shifted at rand(jm according to ilie position of the hand of the instriimont, it is 
moved into certain fixed positions according to the temperature of the atmosphere ; 
so that the shifting of the scale answers the same purpose as if the original scale 
wer(‘ altered to suit the various tiunperatiires of the atmosplnu’e. The aneroid is 
graduat(‘d for indies in the usual way on the face ; but the graduation only extends 
from .‘11 to 27 inches, so as to preserve an open scale, "fhe outer movable scale is 
graduated in feet for altitudes; and the graduation is laid down by fixing the zero 
opposite .‘11 inches. Tliis is tlie normal position of the scale ; and it is then correct 
for a temperature of Falir. For temperatures below o0° the zero of the scale is 
moved b(dow .‘11 inches ; and for temperatures above 5(F the zero of the scale is 
moved above .31 inches : the exact position of the zero for difierent temperatures 
has been determined partly by calculation, a,nd partly by trial, and marked on the 
rim of the aneroid. In order to ensure the altitude-scale not being shifted after it 
has oncti been set in its proper position, there is a special contrivance for locking it 
in the various positions. The altitudes are in all cases determined by taking two 
Headings, one at each station, and then subtracting the reading at the lower station 
from that at the up])er. 

Tile movable scale ri'quires to b(i set for temperatures before taking any obser- 
vation, and not shifted during the progress of the observations. This will practi- 
cally not gi^o any incoin t‘nienc(‘ in the case of moderate altitudes, as small 
variations of t(‘mj)erature will not a])})riicia]dy alh’ct the result ; and so long as tho 
temperature does not vary during* the course of the observations more than 5'^ 
from that at which the instrument is set, the result may be accepted as practically 
correct. 

In conclusion the author states that tin* principle of allowing for the variations 
of temperature of the atmosphere by shifting the altitude-scale, does not profess to 
be theoretically accurate, but simply sullicienth^ accurate for praclical purposes. In 
order to satisfy himself that this was tluj case, the author carefully compared 
the readings obtained for difienuit t(‘mperatures from the shifted scale with tho 
correct readings as given by calculation from the normal position of the scale, 
and found that the maximum error was 2 feet and the averagii error under 1 foot, 
errors which are perfectly inappreciable. The instrument was constructed by 
Mr. Casella, of llolborn JJars, London. 


On Eckhold’s Omnimeter ^ a new ^urveging-lnstrument. By G. W. Hope. 


On Negrctti and Zambra’s Test-gauge Bolar-Badiation Thermometer » 

By G. J. Symons. 

Meteorologists have long been endeavouring to obtain an instrument whereby 
comparable observations of the amount of solar radiation could be made. Various 
experiments and observations by the Rev. F. W. Stow, the late F. Nunes, Esq., 
M.A., and the author have shown that this object is attained by the use of a mer- 
curial maximum thermometer, of which the bulb and one inch of the stem are 



48 


REPORT — 1873 . 


coated with dull black, which thermometer is enclosed in a glass jacket, the bulb 
being in the centre of a sphere of not less than two inches diameter, and from 
which jacket nearly all the air has been exhausted. To all thermometers thus 
mounted the title of vacuum thermometer has been applied. It has, however, been 
found that the amount of exhaustion varies considerably, and that the indications 
of the thermometer are thereby greatly alfected. Yet the instruments hitherto 
made have been indiscriminately sold and used, and no ready means have been 
available for determining the amount of air left in. 

The speciality of the instrument now exhibited is, that a small vacuum-gauge is 
inserted in the jacket, so that the precise extent to which the exhaustion has been 
carried can be seen at any time, and strict comparability in this important respect 
ensured. 


0)1 a Co))ij>onnd-Fe)i(liclum Apparatus. Bn S. C. Tisley. 

This apparatus was originally designed for the purpose of recording the figures 
shown in Lissajous’s experiments with tuniiig-forka. 

The method of obtaining the vibrations is by means of two pendulums, which 
work upon knife-edges, the supports being secured to two sides of a piece of maho- 
gany, so that the pendulums swing at right angles to each other. The p(mdulums 
are about d feet long, and are continued above their supports about 8 inches, 
finishing at their tops in ball-and-socket joints. AVire arms are screwed into the 
ball-aiid-sockets, and connected with a pen or tracer. 'When at rest, the two pen- 
dulums and tracer are at three corners of a square. One pendulum lias two sliding 
pans for holding weights, one above the point of suspension and one below; the 
other pendulum has two sliding pans, but both bidow the point of suspension ; four 
weights are generally used, each weighing about 2 \ lbs. 

When a single weight is placed on ejudi of the bottom pans and properly ad- 
justed, the vibrations of the two pendulums being equal, the figure formed by the 
tracer will be an elliptical spiral, gradually d}ing out so as to produce a watch- 
spring-shaped curve. A small sliding weight is attached to the first pendulum ; 
and by moving this up or down, the vibrations can be brought perfectly into unison, 
or thrown slightly out of time, thus producing through the tracer a variety of com- 
plicated and interesting figures. The second pan is used for varying the rates of 
vibration of the two pendulums in certain ratios, so as to produce curves of dilfereiit 
characters. A variety of tracings illustrating this were exhibited. 

The use of the pan abo^ e tin* point of suspension is of great value, as it gives a 
ready means of altering the proportions. Tlius by moving the weight (2-^- lbs.) from 
a pan below to one above the point of suspension, and placing a balance-weight of 
^ lb. on the lower pan, the peudidums having originally been adjusted for unison, 
the resulting vibrations will be in the ratios of o to 1 ; and if tiiey had been ad- 
justed to d to "2, the result would be 2 to 1, and so on. 

In the table under the tracer a glass plate is let in, so that, by placing a reflector 
below and above, a light can be thrown through the object, and a magnified image 
produced on the screen during its formation ; in that case blackened glass and a 
needle-point for tracer are used. 


On a new form of Pendul am for exliddting Superposed Vibrations. 

By Professor A. B. IlEKscnEL, B.A., F.B.A.S. 

The contrivance exhibited originally presented itself to the author at the Obser- 
vatory of R. S. Newall, Esq., Gateshead-upon-Tyne, where the observing-ebair is 
supported by a counterpoise consisting of a horizontal iron bar loaded with weights, 
and fastened at its two ends to wire ropes, which, passing over twm pulleys, support 
the chair. When the chair-frame was moved, the two ends of this pendulum 
showed themselves to be capable of three modes of vibration — one longitudinal (in 
the direction of the bar’s length), and two transversal ones proceeding from the 
bar’s displacement either angularly about its middle point or parallel to itself. 
The combination of the first two oi these movements together made the end of the 
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swinging bar describe compound vibration-curves of the form known as Lissajou&’s, 
of great regulaiity and distinctness, and was suggested to the author by Mr. 
Newall as a new means of tracing them. In the new instrument the horizontal 
bar is hung by four strings forming a W ; and the outer pairs are nipped together 
at equal distances from the rod at whatever height above it gives the desired 
period of its longitudinal vibrations. Its transversal vibrations are of two kinds, 
(dther of bililar torsion, or of simple lateral oscillation about the three upper points 
of suspension. Tlie points of atl-achment on the bar are a little above its axis, which 
passes through the (‘(*ntre of gravity of a large fixed weight at its middle point; 
two smaller sliding weights, moved along it, regulate the rate of its angular oscilla- 
tions. The new pendulum possesst*s a fourth mode of vibration — of rotation round 
the line of attachment in the bar, iik(‘ the rolling of a ship at sea — a condition of 
oscillation very similar to one which was lately ingeniously employed to illustrate 
tliat problem by Sir William Thomson. If the biir ^‘rights’* quickl}^ round this 
axis, these small rolling oscillations do not accumulate very grently, and soon dis- 
appear; but if they are nearly of the same period as the principal transverse vibra- 
tion, they are so large and persistcmt as entirely to disturb the regularity of the 
curves. A glass pen fiAed to tlie end of tin* bar traces Lissajoua’s curves by com- 
bining the longitudinal with eitiier of th(‘ two transversal vibrations. When both 
of the latter acA tog(^ther, wavy modifications of Lissajoiis’s curves are produced, 
which present cusps, stationary points, and otlu'r interesting varieti(;s of form [of 
which some illustrations were exhibited]. Thfdr general expression is given by 
the equations 

( .r = A cos (a-\~af) 

] y=ll sin sill (c-fyO? 

which only differ from those of Lissajjous’s curves by the addition of a second in- 
dependent term at the end of the last equation. 


On the Infinenee of I'emperatiire on the Elastic Force of certain forms of Springs. 

By F. H. Wenham. 

The author slated that the value of springs in the form of elastic plates or rods 
subject to deffiiction or torsion, in the construction of instruments for measuring 
and regulating force, temperature, and time, depends upon the law that the degrees 
of motion are equal to the forces, and that this equality of force and motion is 
identified with the time in which those motions are performed ; for the vibration of 
certain forms of springs is performed in the same time, whether the degi’ee of motion 
is great or small : such a spring will give the same musical note at all ranges, and 
have the important property of isochronism, as illustrated in the balance-springs of 
chronomcjters, meaning that the time is the same at all ranges in the arc of vibration. 
The author pointed out that tlie form of balance- spring commonly used in time- 
pieces is not strictly isochronal ; for beyond one revolution the forces are unequal, 
increasing during winding and decreasing in the opposite extreme of uncoiling, but 
that in the acting range of vibration of these instruments the differences were not 
appreciable. 

Instruments for measuring force, temperature, or time, such as aneroid barometers, 
thermometers, or chronometers, the accuracy of whose indications depends upon the 
uniform elasticity of springs, require a compensation to counteract the loss of elas- 
ticity by increase of temperature. A number of experiments were tried and detailed 
by the author, in order to determine a law to enable the compensations to be 
effected definitely. The materials expcrinunited upon were steel, hardened and 
tempered, crown-glass, brass, and german silver highly condensed by hammering. 
These materials, while under various degrees of compression, were subjected to 
temperatures ranging up to 500®; but it was found that the loss of elasticity did not 
correspond in a regular ratio with the increase of heat ; for example, in a steel 
spring each hundred degrees from 100® to 500® caused deflections in the ratio of 13, 
16, 40, and 52 ; and, in first experiments, when the springs had cooled they did not 
return to their normal point with the pressure remaining the same, but had acq^uired 
1873. 4 
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a permanent set, which was great at first (in an untried material), but became less 
by repetitions of the experiments. 

With hard hammered german silver the set at Jird much exceeded that of steel, 
being equal to one-third of the compression, but after four repetitions of the expe- 
riment amounted to only one twenty-seventh. This metal, unlike steel, indicated 
equal deflections vutli equal degrees of heat, showing that, in instruments where it 
could be used, no secondary compensation would be required, because the ratio is 
e ^ual for mean and extreme temperatures. 

These experiments demonstrate, in regard to any instrument for indicating and 
registering weight, pressure, temperature, or time by means of the law of elasticit}’, 
the importance of subjecting the material (whether steel, glass, or particularly any 
metal in which this property is obtained by condensation or hammering) to an 
excess of temperature before the gvad nations and adjustments are made. 


On a New Form of Rutherford’s Minimum Thermometer, devised and con- 
structed by Mr. James Hicks. By G. M. Whipple, B.Sc., TJLA.S,, of 
the Kew Observatory, 

Many different kinds of thermometers have been constructed for the purpose of 
indicating the lowest temperature of the air during a given time j but none has been 
found to fulfil the desired object so well as the common or Rutherford spirit- 
thermometer. 

The chief objection to the use of this instrument is found to be in the fact that 
the spirit-thenuometer cannot follow sudden variations of temperature so quickly 
as the mercurial thermometer; hence, on occasions when rapid changes occur, the 
indications of the two instruments are not accordant. 

In the thermometer exhibited hir. Hicks has in a great measure succeeded in 
overcoming this difficulty by the device of largely increasing the surface of the bulb 
exposed to the air, whilst at the same time he greatly reduces its cubical contents. 

In 180:^ Mr. Beckley suggested the formation of thermometer-bulbs on the pat- 
tern of certain bottles, in which the bottom is forced up a long way into the body, 
and Mr. Hicks constructed a mercurial thermometer, wmich was shown in the In- 
ternational Exhibition. Practical difficulties, however, obstructing the manufacture 
of this kind of thermometer, very few have been made. Recently Mr. Hicks 
endeavoured to make spirit-thermometers upon the same principle, and having 
succeeded can now construct bulbs in the form of a hollo wed-out cylinder, with the 
film of spirit reduced to any degree of tenuity. 

In order to determine the relative advantages of the old- and new-pattem ther- 
mometers, experiments have been made at the Kew Observatory, which show that 
the time Hicks’s minimum thermometer requires to fall through 25° Fahr. is 
55 seconds, whilst a common spherical-bulb minimum takes 2 minutes 25 seconds 
to fall through the same extent of scale ; and Hicks’s rises 25° in 57 seconds, the 
other thermometer occupying 2 minutes 24 seconds to rise tlirough the same in- 
terval. 

An improved form of the instrument has the bulb in the form of a double tube 
open at both ends, allowing free passage of the air through it. 


On a New Electrical Anemograph, 

By G. M. Whipple, B.Sc., F.M,A,S,, of the Kew Observatory, 

Amongst the numerous instruments which have been devised for recording con- 
tinuously and automatically the velocity and direction of the wind, none has met 
with more general adoption than the form known as the Beckley or Kew-pattem 
Anemograph. 

This instrument was originally constructed in 1857, by a grant from the British 
Association ; and a detailed description of it, with Plates, is to be found in the Report 
of the Association for the year 1858. 

Some minor modifications found necessary having been introduced into the in- 
strument, it was accepted by the Meteorological Committee j and it is now employed 
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by them in their observatories, its esvsential features being identiral with the 1858 
instrument. 

Experience has shown that under most circumstances the working of tliis instru- 
ment leaves but little to be desired, but that in situations where it is necessary 
to place the recording-apparatus at a considerable distance from the external 
driving parts of the instrument its action is subject to irregularities, due principally 
to the yielding of the long, light shafts which nave then to be einployea ; and it is 
to meet such cases that the modification now brought before the Association has 
been devised by me. 

No originality is to be found in the adaptation of electricity to the purpose of 
registering tlie wind ; numerous arrangements have been made by which it can be 
accomplished. I need only allude to Secchi, Crossley, Gordon, Hall, and others 
who have constructed instruments Avhich do it. 

In my plan for the velocity-recording apparatus, where rotation in one direction 
only is required, 1 employ, first, a simple contact-making key, on the shaft cfir- 
rying the iiobinson’s cups, which transmits a short current every time the cups 
(complete a revolution. This current is then led by means of a wire to tlie 
recording-apparatus plaoc'd at any distance ; and there, by means of an arrangement 
of electromagnets and es(‘apement similar to that em])loyed in the step-by-step 
telegraph instrument, successive currents produce the continuous rotation of a 
wheel. 

This wheel being put into connexion with the train of wheelwork at present 
existing, eventually drives the pencil round and records the wind’s movement 
upon the paper. 

The Directum -appai'afm. — llegistration of the wind’s direction by means of 
electricity is somewhat dillicult of execution by reason of the fact that rotation of 
the wind-vane occurs sometimes in a positiA^ or right-handed direction, A^eering 
from and through E. and S., and sometimes vice verady or from N. through W. to S. 

Various plans ha\'e been devised for accomplishing the thing desired, requiring 
wires varying in number from four to thirty-tAvo. In the instrument now described 
two only are needed, one of which is employed to transmit the rotary motion of tlie 
vane to the recording-pencil, the other determining the direction in which the 
rotation is to take place. 

A toothed wheel in electrical communication with a battery is fixed upon the 
vane-spindle, and a contact-breaker so aiTanged that a current is sent to the re- 
^ cording-apparatus every time a tooth passt^s. 

Every current transmitted causes a wheel in the registering-apparatus to rotate 
through a small arc, always of course in the same direction. 

In order to record hacking of the Avind, the second wire must be made use of. 
Above the contact-making wheel on the vane-spindle, and turning loosely in it, a 
small insulated metallic (*ollar is fitted, immediately over which there is a metal 
disk fastened to and tuniing with the shaft ; a stud projecting from the underside 
of this disk plays between tAvo stops on the collar, one of which is a conductor, the 
other being an insulator. 

The play of the stud betAA^een the tAvo stops is merely sufficient to make and 
break the electrical contact. 

The wire from the metallic stop is led to an electromagnet fixed above the 
recording-apparatus. A lever-clutch, moved by the armature of the magnet, ac ts 
upon the driving-spindle of the pencil cylinder, raising it when a current passes, and 
so bringing the lower of two mitre wheels fixed upon the spindle into gear with 
the mitre wheel turning the cylinder, on its under side, and causing it to rotate 
when the spindle is turned. When the current is discontinued, a spring draws the 
spindle downwards, and the top mitre wlieel is brought into gear with the upper 
side of the pencil-wheel, Avbilst the lower one is set free; continued rotation oi the 
spindle has now the etiect of turning the pencil in the reverse direction to that 
in which it was previously moving. 

Under ordinary circumstances this will be the position maintained ; the vane-stud 
being in contact with the insulating stop, no current passes ; should, however, the 
wind veer against the sun, the movement of the yane will make electrical cqptacti 
the sliding shaft be lifted, and, the lower wheel coming into gear, the rotatioji ijf 
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the shaft under the action of the second wire and contact-breaker will be trans- 
mitted to the pencil, and cause it to turn in the direction W. through S. to E. 
instead of the reverse. 

It is necessary to make the fittings so exact that no movement of the shaft 
can occur without a corresponding motion of the pencil ; otherwise the orientation 
of the instrument would be rendered incoiTcct. 

The instrument above described has not yet been constructed ; hence no informa- 
tion can be given as to battery power necessary to work it. ]^robably very little 
would suffice; for as the rotation of both shafts is continuous and in the same sense, 
the whole actual work of moving the pencils over the paper could easily be per- 
formed by a small weight or spring suitably arranged. 


On an improved form of Oxijlnjdrogen Lantern for the 2 ise of Lecturers, 

JB)f C. J. Woodward, B.Sc. 

The author stated that the form of oxyhydrogen lantern generally used by 
lecturers was merely the old magic lantern, and tliis was not sufficient for the many 
requirements of the lecturer of the present day. What was required was a light 
lantern which would, direct a beam in any direction whatever, and which would 
not only serve to show photograplis and slides, but would do also for exhibiting 
experiments such as electrolysis of liquids, magnetic curves, cohesion-figures, tkc. 

The instrument the author exhibited consists of a small lantern swinging between 
two uprights. It can be clamped at any angle ; and as the stand is one capable of 
rotating, the lantern can be made to project a beam of light in any direction. The 
stool of the lantern is constructed on the principle of Willis’s apparatus for lecturers 
on mechanics; and to this is fastened carriers for a table to support a ])rism or other 
piece of apparatus. A projecting bar serves to hold iho lenses, which slide on the 
oar and can be turned out of the way in a moment. The lantern was made for the 
author by Messrs. E. Field k Co., of Birmingham. 

A description of the Instrument, vdth woodcuts, will be found in the ^ Engineer/ 
vol. xxxvi. p. 284. 


CHEMISTEY. 

Address hy W. J. Russell, Ph.D,, F.B.S., President of the Section, 

Of late years it has been the custom of my predecessors in this chair to open 
the business of the Section with an address, and the subject of this address has 
almost invariably been a review of the progress of Chemistry during the past year ; 
I purpose, with your leave, to-day to deviate somewhat from this precedent, and 
to limit my remarks, as far as the progress of Chemistry is concerned, to the his- 
tory of one chemical substance. The interest and the use of an annual sim^ey at 
these meetings of the progvess of Chemistr}^ has to a certain extent passed away ; 
for the admirable abstracts of all important chemical papers now published by the 
Chemical Society has in a great measure taken its place, and offers to the che- 
mical student a much more thorough means of learning what progress his science 
is making than could possibly be done by the study of a presidential address. 
Doubtless these abstracts of chemical papers are known to others than professional 
chemists ; but I cannot pass them over without recording the great use they have 
proved to be, how much they have done already in extending in this country an 
exact knowledge of the progress of science on the Continent, and in helping and 
in stimulating those who are engaged in scientific pursuits in this country. I 
believe few grants made by this Association have done more real good than those 
which have enabled the Chemical Society to publish these abstracts. 

I dwell for a moment on the doings of the Chemical Society ; for I believe in the 
progress of this Society we have a most important indication of the progress of 
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chemical science in this country. The number of ori^al papers communicated to 
the Society during the last year has far exceeded that of previous years ; during 
last year fifty-eight papers were read to the Society, whereas the average number 
for the last three years is only twenty-nine. Further, I may say there is every 
appearance of this increased activity not only continuing but even increasing. 
Another matter connected with the Society deserves a passing word : I mean its 
removal from its old rooms at Burlington House, which afforded it very insufficient 
accommodation, to its new ones in the same building. This transference, which is 
now taking place, will give to the Society a great increase of accommodation, and 
thus admit of larger audiences attending the lectures, of the proper development 
of the library, and of the full illustration, by experiment, of the communications 
made to it. These improvements must act most beneficially on the Society, and 
stimulate its future development. Even now it numliers some 700 members, and 
certainly is not one of the least active or least useful of the many scientific societies 
in London. 

Since our last Meeting at Brighton we have lost the most renowned of modern 
(diemists, Liebig. His influence on chemistry through a long and most active life 
has yet to be written. Publishing his first pap(U' fifty years ago, it is difficult for 
chemists of the present day to realize th(‘ chajiges in chemical thought, in chemical 
knowledge, and in chemical experiment which he lived through, and was, more 
than any oilier chemist, active in promoting. His activity was unwearied; he 
communicated no less than til? papers to diflerent scion tilic journals; and almost 
every branch of chemistry received some impetus from his luind. 

Liebig took an active interest in this Association ; and I believe the last paper he 
wrote was one in answer to a communication made at the last Meeting of this 
Association. On two occasions he attended Meetings of the British Association, 
and lias communicated many papers to this Section. The Meeting at liiverpool in 
1ST7 was the first at which he was present; he then coiuimmicated to this Section 
a paper on the products of the decomposition of LMc Acid, and, further, gave an 
account of his most important discovery, made in conjunction with Wohler, of the 
artificial formation of Urea. At this Meeting Liebig was requested to prepare a 
report on the state of our knowledge of isomeric bodies. This request, although 
often r(qieated, was never complied with. He was also reque^sted to report on the 
state of Organic CTuuiiistry and Organic Analysis ; thus our Section was evidently 
desirous of giving him full occujiatiou. At the IMeeting in 1840, at Glasgow, a 
paper on Poisons, C'Oiitagions, and Miasms, by Liebig, was read ; it was, in fact, an 
abstract of the last chapter in his book on Chemistry in its applications to Agricul- 
ture and Physiology ; and the work itself appeared about the same time, dedicated 
to this Association, lii liis dedication Liebig sa5's: — At one of the meetings of 
the Chemical Section of the British Association for the Advancement of Science, 
the honourable task of preparing a Ileport upon the State of Organic Chemistry 
was imposed upon me. In this present work 1 present the Association with a part 
of this keport.^’ 

At .the next Meeting, which was at Plymouth in 1841, there was an interesting 
letter from Liebig to l)r. Playfair, read to our Section ; in it, among other matters, 
Liebig describes an “ excellent method,” devised by Brs. Will and Varrontrapp, for 
determining the amount of nitrogen in organic bodies : he also says, we have re- 
peated all the experiments of Hr. Brown on the production of silicon from paracya- 
nogen, hut we have not been able to confirm one of his results ; what our experi- 
ments prove is, that paracyanogen is decomposed by a strong heat into nitrogen 
gas and a residue of carbon, which is exceedingly difficult of combustion.” 

To the next Meeting (which was at Manchester, and Dalton was the President 
of this Section) Dr. Playfair communicated an abstract of Prof. Liebig’s report on 
Organic Chemistry applied to Physiology and Pathology : this abstract is printed in 
our ^ Proceedings and the complete work is looked upon as the second part of the 
report on Organic Chemistry. This Association may therefore fairly consider that 
it exercised some influence on Liebig in the production of the most important 
works that he wrote. Playfair’s abstract must liave been listened to with the greatest 
interest; and I doubt not the statements made were sharply criticised, especially 
by the physiologists then at Manchester. Playfair concludes his abstract in these 
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words, thus summing up the special objects of these reports : — In the opinion of 
all, Liebig may be considered a benefactor to his specitis for the interesting dis- 
coveries in agriculture published by him in the hist part of this report. And 
having in that pointed out means by which the food of the human race may be 
increased, in the work now before us he follows up the chain in its continuation, 
and shows how that food may best be adapted to the nutrition of man. Surely 
there are no two subjects more fitted than these for the contemplation of the phi- 
losopher ; and by the consummate sagacity with which Liebig has applied to their 
elucidation the powers of his mind, we are compelled to admit that there is no 
living philosopher to whom tlie Chemical Section could have moi*e appropriately 
entrusted their investigation.’^ 

At the Meeting at (Glasgow in 1855 Liebig was also present; but he then only 
communicated to this Section a short paper on fulriiinuric acid, and some remarks 
on the use of lime-water in the manumeture of bread. 

Such, I believe, is the history of the direct relationship which has existial 
between Liebig and this Association. Indirectly we can hardlv recognize how 
much we owe to him. Interested as he ever was in the work of tliis Association, I 
eould not but to-day record the iustaiices of direct aid and support which this 
Section has received from him. 

I pass on now to the special subject to wdiich I w’isli to ask your attention. It 
is the history of the vegetable colouring-matter Immd in madder : it has been in 
use from time inimemonal, and is still one of the commonest and most important of 
dyes; it is obtained from a })laut largely cultivated in manv ])ai*is of the world for 
the sake of the colour it yields ; and the special interest which now^ attaches to it is 
that the chemist has lately shown liow this natiinil coloririiig-matter can be made 
in the laboratory as well as in the fields — how by using a by-product which for- 
merly was without value, thousands of acres can be liberated for the cultivation of 
other crops, and the colouring- matter which they formerly produced be cheaper 
and better prepared in the laboratory or in the manufactory. That a certain 
colouring-matter could be obtained from the roots of the Rubki iinctorum and other 
species of the same plant has been so long known that apparently no record of its 
discovery remains. Pliny and Dioscorides evidently allude to it. The foniier, re- 
ferring to its value as a dyeing material, says: — ‘‘ It is a plant little knowui, except 
to the sordid and avaricious — and this because of the large protits obtained from 
it, owing to its employment in dyeing wool and leatlier.” lie further says : — The 
madder of Italy is the most esteemed, and especially that grown in the neighbour- 
hood of Home, where and in other places it is produced in great abundance.’’ lie 
further describes it as being grown among- the olive-trees, or in fields devoted 
especially to its growth. I'lie madder of Ravenna, according to Dioscorides, was 
the most esteemed. Its cultivation in Italy has been continued till the present 
time; and in 18()3 the Neapolitan provinces alone exported it to the value of more 
than a quarter of a million sterling. At the present day we arti all very familiar 
with this colouring-matter as the commonest that is applied to calicoes : it is 
capable of yielding many colours, such as red, pink, piiiq)le, choi-olate, and black. 
The plant which is the source of this colouring-matter is nearly allied, botanically 
and in appearance, to the ordinary Galiiims or Dedstraws. It is a native pro- 
bably of Southern Europe as well as Asia. It is a perennial, with herbaceous 
stem, which dies down every year; its square-jointed stalk creeps along the ^ound 
to a considerable distance ; and the stem and leaves are rough, with sharp prickles. 
The root, which is cylindrical, fleshy, and of a pale yellow colour, extends down- 
wards to a considerable depth ; it is from this root (which, when dried, is known as 
madder) that the colouring-matter is obtained. The plant is propagated from 
suckers or shoots ; these require some two or three years to come to full maturity 
and yield the finest colours, although in France the crop is often g-athered after 
only eighteen months’ growth. From its taking so long to develop, it is evidently 
a crop not adapted to any ordinary series of rotation of crops. The plant thrives 
best in a warm climate, but has been grown in this country and in the north of 
Europe. 

In India it has been grown from the earliest times, and, as before stated, has 
been abundantly cultivated in Italy certainly since the time of Pliny; he also 
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mentions its cultivation in Galilee. In this country its culture has often been 
attempted, and has been carried on for a short time, but never with permanent 
success. The madder now used in England is imported from Prance, Italy, Hol- 
land, South Germany, Turk^, and India. In 1857 the total amount imported 
into this country was 434,050 cwt, having an estimated value of £1,284,989; 
and the average annual amount imported during the last seventeen years is 
310,042 cwt., while the amount imported last year (1872) was 283,274 cwt., 
valued at £922,244. In 1801 it was estimated that in the South Lancashire dis- 
trict alone 150 tons of madder were used weekly, exclusive of that required for 
preparing garancine. I quote these figures as showing the magnitude of the 
industry that we are dealing with. Another point of much interest is the amount 
of land required for the cultivation of this plant : in England it was found that an 
acre yielded only from 10 to 20 cwt. of the dried roots ; but in South Germany and 
in France the same amount of land yields about twice that quantity. The madder- 
(!iiltivator digs up the roots in autumn, dries them, in some cases peels them by 
beating them with a flail, and exports them in the form of powder, whole root, or 
after treatment with sulphuric acid, when it is known as Garancine. 

The quality of the root varies much ; that from the Levant, and known as Tur- 
key-root, is most valued. Accoiding, however, to the colour to be produced is 
the madder from one source or another preferred. To obtain the colouring-matter 
(which is but very slightly soluble in water) from these roots, they are mixed, after 
being ground, with water in the dye-vessel, and sometimes a little chalk is added. 
The fabric to be dyed is introduced, and the whole slowly heated ; the colouring- 
matter gradually passes from the root to the water, and from the water to the 
mordanted fabric, giving to it a colour dependent of course on the nature of the 
mordant. 

To trace the chemical history of this colouring-matter we have to go back to 
the year 1790, when a chemist of the name of Watt precipitated the colouring- 
matter of madder by alum from neutral, alkaline, and acid solutions ; he obtained 
two different colouring-matters, but could not isolate them, and many different 
shades of colour. Charles Batholdi asserted that madder contained mucb magnesic 
sulphate ; and Hausmann observed the good effect produced on madder by the 
addition of calcic carbonate. In 1823 F. Kuhlmann made evidently a careful 
analysis of the madder-root, and describes a red and a fawn colouring-matter. But 
the first really important advance made in our knowledge of the chemical consti- 
tution of this colouring-matter was by Colin and Robiquet in 1827 ; they obtained 
what they believed to be, and what has since really proved to be, the true colour- 
ing principle of madder, and obtained it in a state of tolerable purity. Their 
process for preparing it was very simple : they took Alsace madder in powder, 
digested it with water, obtained thus a gtdatinous mass, which they treated with 
boiling alcohol, then evaporated off } of the alcohol, and treated the residue 
with a little sulphuric acid to diminish its solubility ; then, after washing it with 
several litres of water, they got a yellowish substance remaining. Lastly, they 
found that, on moderately heating this product in a glass tube, they obtained a 
yellowish vapour formed of brilliant particles, which condensed, giving a distinct 
zone of brilliant needles reflecting a colour similar to that from the native lead 
chromate. They named this substance alizai'in, from the Levant name for madder, 
alizariy the name by which it is still known there. 

A few years later we find other chemists attacking this same subject. In 1831 
Gaultier do Claubry and J. Persoz published the account of a long research on the 
subject. They describe two colouring-matters, a red and a rose one : the red one 
was alizarin ; and the rose one was another body nearly allied to it, and now well 
known as purpurin. Runge also made an elaborate examination of the madder- 
root ; he founa no less than five different colouring-matters in it — madder-red, 
madder-purple, madder-orange, madder-ycdlow, ana madder-brown. The first 
throe he considers to be suited for dyeing-purposes, but not so the last two. Runge’s 
madder-red is essentially impure alizarin, and his madder-purple impure purpu- 
rin. lie does not give any analysis of those substances. 

During the next ten years this subject seems to have attracted but little atten- 
tion from chemists j but in 1840 Shiel prepared the madder-red and madder-purple 
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formma O^glLoOis, and for the same substance after being sublimed The 

chemist wno has worked most on this subject, and to whom we are principally 
indebted for what we know with regard to the different constituents contained in 
the madder-root, is Dr. Schunck, of Manchester. In Liebig\s ^ Aimalen ’ for 1848 
he gives a long and interesting account of his examination of madder ; he isolates 
and identifies several new substances, which are must important constituents of the 
root, and has since that time added much to our knowledge of the chemical constitu- 
tion of madder. In the paper above alluded to he confirms the presence of the alizarin, 
and gives to it the formula Cji IIip O^. The principal properties of this body may 
best be sketched in here. Its volatility and brilliant cr 3 \stalline appearance ha\e 
already been mentioned ; it is but slightly soluble in cold water, but much more so 
in alcohol, in ether, and in boiling water. The colour of its solution is yellow ; 
and when it separates out from a liquid it has a yellow ffocculent appearance, 
differing thus greatly from the red, brilliant, crystalline substance before described. 
In order to obtain this latter body, heat had always been used ; so, \intil the ela- 
borate experiments of Schunck, it was a question whether the heat did not produce 
a radical change in the substance, whether, in a word, these two bodies were 
really identical. Schunck’s experiments pro^ed that they were, and consequently 
that this beautiful colouring-matter, alizarin, (‘xisted as such in madder. If, how- 
e\er, we go one step further back and examine the fresh root of the liuhia tine- 
toriim (that is, as soon as it is drawn from the ground), we shall find no trace of alizarin 
there. On slicing the root it is seen to be of a light carroty colour, and an almost 
colourless liquid can be squeezed out of it ; but this is entirely free from the 
colouring-matters of madder. Let the roots, howe\er, be kept, if only for a short 
time, and then they will give abundant evidence of the presence of alizarin ; if 
simply heated, alizarin may be volatilized from them. It appears, then, that the 
whole of the tinctorial power of this root is de\ eloped after the death of the 
plant. Schunck explains this curious phenomenon as follows: — In the cells of 
the living plant there is a suhslauce which he has isolated and has named 
.’Riibian; it is easily soluble in water and in alcohol: the solution is of a yellow 
colour, and has an intensely bitter taste; when dry it is a hard brown ^iini-like 
body. It has none of tlie properties of a dye-stuff; but if we take a solution of it, 
add some sulphuric or hydrochloric acid to it, and boil, a yellow ffocculent sub- 
stance will slowly separate out, and on liltering it off and washing it, it will be 
found to have the tinctonal properties of madder, and to contain alizarin. In the 
liquid filtered from it there is, with the acid added, an uncrystallizable sugar ; so 
that in this way the original product in the root, the ruhian, has apparently Leen 
split lip into alizarin and into sugar. To apply this reaction to what goes on in 
tne root after its removal from the ground, we have to tind if any other substances 
can take the place of the boiling dilute acid ; and ScJiunck has shown there exists in 
the root itself a substance which is eminently fitted to produce this splitting-iip of 
the rubian. lie obtained this decomposing agent from madder simply by digest- 
ing it in cold water and adding alcohol to the liquid ; this threw down a reddish 
ffocculent substance ; and if only a small portion of this was added to an aqueous 
solution of the rubian and allowed to stand for a few hours in a warm place, it 
was found that the rubian was gone, and in ])lace of it there was a thick tenacious 
jelly ; this, treated with cold water, gave to it no colour, no bitter taste, but much 
sugar. From the jelly remaining insoluble, alizarin could be extracted ; in fact, 
of all known substances this veiy one found in the madder itself is best suited for 
effecting this decomposition of the rubian. 

It has long been known to dyers that the amount of colouring-matter in madder 
will increase on keeping it ; even for years it will go on improving in quality : and 
an experiment of Schunck’s shows that tln^ urdiiiaiy madder, as used by the dyer, 
has not all the rubian converted into colouring-matter j for on tnking a sample of 
it and extracting with cold water, he got an acid solution devoid of dyeing proper- 
ties; but on allowing this solution to stand suiiu) time it gdatinized, and then 
possessed dyeing ])roperties. 
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It appears, then, that there must exist in the root two substances kept apart 
during the life of the plant in some way of which we know nothing ; but as soon 
as it dies they begin slowly to act on one another, developing thus the colouring- 
matters in madder. 

Coincident with the appearance of Schunck’s first paper was one by Debus on 
the same subject. He looked upon alizarin as a true acid, and gave it the name of 
lizaric acid ; but, as far as the composition of it was concerned, the percentage num- 
bers he obtained agreed closely with those given by Schiinck. One other investi- 
gation concludes all that is important in the history of alizarin as obtained from 
madder. This last investigation is of great interest ; it was by Julius Wolff and 
Adolphe Strecker, and published in 1850. They confirm the results of others so far, 
that there are in the madder-root two distinct colouring-substances, this important 
one alizarin, and the other one piirpurin. They prepare these colouring-matters 
much in the same way that Scliunck did, and very carefully purify and analyze 
them. The formulae which thev give for them differ, however, from Schunck’s : for 
alizarin they give the formula piirpurin further, they 

suggest that, by the nrocess of fermentation, the former is converted into the latter ; 
and they show that by oxidation they both yielded phthalic acid. Since the pub- 
lication of this research, until tlie last year or two, this formula for alizarin has been 
generally adopted by chemists ; and in most modern books we find it given as ex- 
pressing the true composition of that body. It was not only the careful and 
elaborate work which they devoted to the subject, but also the ingenious and 
apparently well-founded theory on tlie subject which carried conviction with it. 
Laurent had sliown, not many years before, that when naphthalin, that beautiful 
and white cr 3 "stalliue substance obtained from coal-tar, was acted on by chlorine 
and then treated with nitric acid, a body known as chlornaphthalic acid, and having 
tlie composition ( obtained; and on comparing this formula with the 
one they had obtained for alizarin, Wolff and .Strecker at once concluded that it 
really was alizarin, only containing two atoms of chlorine in place of two of 
hydrogen ; make this replaccuiient, an operation generally easily performed, and 
from naphthalin they had prepared alizarin. F urther, this relationship between 
chlornaphthalic acid and alizarin is borne out in many wa 3 \s : it, like alizarin, has the 
power of combining with difhu'ent basic substances, ha^s a yidlow colour, is insolu- 
ble in water, melts at about the siime temperature, is volatile, and when acted on 
by alkalies gives a strongly coloured solution. Taking, then, all these facts into con- 
sideration, can we wonder that these chemists feel convinced that they have esta- 
Idished the composition of alizarin, and have shown the source from which it is 
to be obtained artificially f A])parently but one very simple step remains to crown 
their work with success, that of replacing the chlorine by hydrogen. Melsenshad 
onl>^ shortly before shown how this substitution could easily be made in the case of 
chloracetic acid, by acting on it with potassium amalgam ; and Kolbe had used the 
battery for the same purpose : both these processes, and doubtless all others that the 
authors can think of, are tried upon the chlornaphthalic acid ; but chlornaphthalic 
acid it remains, and they are obliged to confess they are unable to make this sub- 
stitution ; still they are strong in the belief that it is to be done and will be done, 
and conclude the account of their researches b}" })ointing out the great technical 
advantage will be the getting alizarin from a worthless substance such as naphthalin. 
One cannot help even now sympathizing with these chemists in their not being able 
to confirm what they had really the strongest evidence for believing must prove to 
be a great discovery. We now know, however, that had they succeeded in effect- 
ing this substitution, or had they in any other way obtained this chlornaphthalic 
acid without the chlorine, if I may so speak of it, which since their time has been 
done by Martins and Griess, alizaiin would not have been obtained ; but a body 
having a remarkable parallelism in properties to it would have been. This body, like 
alizarin, is of a yellowish colour, but slightly soluble in water, easily in alcohol and 
in ether, is volatile, and on oxidation yields the same products ; it is, in fact, an 
analogous body but belonging to another group. We also now know that the formula 
proposed by Wolff and Strecker, and so long in use, is not the correct one. But 
little more remains to be added with regard to the history of alizarin, as gathered 
rom the study of the natural substance. Schiitzenbergor and Paraf suggested 
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doubling Wolft* and Strecker’s formula for alizarin ; and Bolley suggested the formula 
CjjQHjjOg, which, owing to the uneven number of h 5 "drogen atoms, was soon rejected. 
If we compare our present knowledge of alizarin with what it was when these re- 
searches on the natural product were completed, it is as light compared with 
darkness ; and we may well ask, whence has come this influx of knowledge ? The 
answer, I hope to show you, is undoubtedly that it has come from the careful and 
accurate study of abstract chemistry. I know of no history in the whole of 
chemistry which more strikingly illustrates how the prosecution of abstract science 
lays the foundation for great practical improvements than the history of alizarin 
does. 

My object now is, then, to show you, as shortly as I can, how by indirect means 
the composition of alizarin was discovered, how it has been built up artificially, 
and how it is superseding for manufacturing-*piii*poses the long- used natural 
product. 

To trace this history from its source we must go back to 1785, when an apothe- 
cary of the name of iTofmaiin obtained the calcium salt of iin acid called quinic acid 
from Cinchona-bark. This acid is now known to be of common occurrence in plants ; 
it exists in the bilberry and in coffee, in holly-, ivy-, oak-, elm-, and ash-leaves, 
and probably many other leaves. Liebig also prepared the calcium salt, and was 
the first to give a complete analysis of it ; the formula he gave for it was C,, Hg, 0 , 2 . 
Baup, on repeating Liebig’s experiments, arrived at a somewhat different conclu- 
sion, and gave the formula C,, Ugo 0,^. In 1835, at Liebig’s suggestion to determine 
which formula was correct, Alexander Woskrensky, from St. Petersburg, then a 
student at Giessen, undertook the further investigation of this subject, and esta- 
blished the formula Cj^H 2 , 0 , 2 ^ the one in fact now in use. In the course of this 
investigation, which he carried further than merely settling the percentage composi- 
tion of this acid, he desciibes what to us now is of most interest, a new substance 
having peculiar and very marked properties. lie says that when a salt of quinic 
acid is ournt at a gentle heat he gets aqueous vapour, the vapour of formic acid, 
and a deposit of golden needles, which are ea.«ily sublimed. Afterwards he describes 
how this same golden substance may be obtained from any salt of quinic acid by 
heating it with manganic dioxide and dilute sulphuric acid ; it then distils over, 
condensing in golden-yellow needles on the sides of the receiver, and may bo 
rendered pure by resublimation. The composition of this body he finds to be 
O 3 H 2 O, and names it quiiioyl, a name strongly objected to by Berzelius, as 
conveying a wrong impression of the nature of the body ; he proposed in place of it 
the name quinone, by which it is still known. Far as this body would seem to be 
removed from alizarin, yet it is the study of its properties which led to the arti- 
ficial production of alizarin. 

Some years afterwards Wohler also examined the decomposition of quinic acid ; 
he prepares again this quinone, and follows exactly the process described by 
Woskrensky : he states that, with rc'gard to the properties of this remarkable body, 
he has nothing particular to add ,• however, he proposes a different formula for it, 
and discovers and describes other bodies allied to it ; among these is hvdroquinoue, 
Cg Hg O^. Laurent afterwards shows that the formula proposed by \\^ohler is incon- 
sistent with his and Gerhardt’s views, and by experiment confirms the former 
formula for this body. Although many other chemists devoted much attention to 
this substance, still its real constitution and relation to other compounds re- 
mained long unknown. Thus Wohler, Laurent, Hofmann, Siadeler, and Hesse all 
had worked at it; and much experimental knowledge witli regard to it had been 
acquired. One important point in its history was, first, tlic discovery of chloranil 
by Erdmann in 1841, and then Hofmann showing that, by heating quinone with 
potassic chlorate and hydrochloric acid, chloranil could be obtained from it — 
that, in fact, chloranil was quinone in whic^h all the hydrogen had been replaced 
by chlorine. Perhaps the most general impression among chemists was, that 
in constitution it was a kind of aldehyde ; certainly its definite place among 
chemical compounds was not known. Kekul^ suggests a rational formula for it ; 
but it is to Carl Graebe that we owe our knowledge of its true constitution. In 
1868 he published a remarkable and very able paper on the quinone group of com- 
pounds, and then first brought forward the view that quinone was a substitution- 
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derivative of the hydrocarbon benzol (C^ Hg). On comparing the composition of 
these two bodies, it is seen that the quinone contains two atoms of oxygen more 
and two atoms of hydrogen less than benzol ; and Graebe, from the study of the 
decomposition of quinone and from the compounds it forms, suggested that the two 
atoms of oxygen form in themselves a group which is divalent, and thus replace 
the two atoms of hydrogen ; this supposition he very forcibly advocates, and snows 
its simple and satisfactory application to all the then known reactions of this body. 
This suggestion really proved to be the hey, not only to the explanation of the 
natural constitution of quinone and its derivatives, but to much important discovery 
besides. 

At this time quinone seemed to stand alone ; no other similarly constituted body 
was known to exist ; but what strikingly confirms the correctness of Graebe’s views, 
and indicates their great value, is that immediately he is able to apply his lately 
gained knowledge, and to show how really other analogous bodies, other quinones 
in fact, already exist. lie studied with gi*eat care this quinone series of com- 
pounds and the relation they bore to one another — the relation the hydrocarbon 
benzol bore to its oxidized derivative quinone, and its relation to the chlorine 
substitution-products derivable from it. At once this seems to have led Graebe 
to the conclusion that another such series already existed ready formed, and that 
its members were well known to chemists — that, in fact, naphthalin(0,o IL) was the 
parent hydrocarbon, and that the chloroxynaplithalin chloride (CtoH^ Cl^O.^) and 
the perchloroxynaphthalin chloride (CigClgO^) were really chlorine substitution- 
comnounds of the quinone of this series, corresponding to the bichloroquinone and 
to cnloranil — that the chloroxynaphthalic acid, Cj^ Cl (HO) 0^, and the per- 
chloroxynaphthalic acid, (IIO)O^, all compounds previously discovered by 

Laurent, were really bodies belonging to this series — and, further, that the sup- 

f iosed isomer of alizarin discovered by Martins and Griess was really related to this 
ast compound, having the composition CjglJj, (110) Further, he was able to 
confirm this by obtaining the quinone itself of this series, the body having the 
formula Cmllg (O./)”, containing also tw^o atoms less of hydrogen and two atoms 
more of oxygen than the hydrocarbon naphthalin ; and to this body he gave the 
characteristic name of naphthoquinone. The chlorine compounds just named are, 
then, chlornaphthor|uinonc8 or chloroxynaphthoquiuones, and correspond to the 
former chloroquinones ; and Martins and Griess’s compound will be an oxynaphtho- 
qiiinone : many other compounds of this series are also known. Another step confir- 
luatory of this existence of a series of quinones was made by Graebe and Bergmaiin : 
as the chlorauil could be found by treating phenol with potassic chlorate and h^^dro- 
chloric acid, and quinone derived from it, they showed that in the next higher series 
to the phenol series, viz. with cresol, the same reaction held good: and by trent- 

“fCII, 

ing it in the same way, they obtained a di- and a trichlorotoluquinone, Og 

CII3 

I (0^)", which in physical properties very closely resembled the corresponding 

I 

compounds in the lower series : other compounds have also been prepared. 

In the next step we have the application which connects these series of disco- 
veries with alizarin. Following the clue of a certain analogy which they believed 

to exist between the cliloranilic acid chloroxynaphthalic 

acid , which they had proved to be quinone compounds and alizarin, 

believing that a certain similarity of properties indicated a certain similarity of consti- 
tution, Graebe and Liebermann were led to suppose that alizarin must also be a deri- 
vative from a quinone, and have the formula (HO) ) * theory they were 

able afterwards to prove. The fmt thing was to find the hydrocarbon from which 
the quinone might be derived. This was done by taking alizarin itself and heating 
it with a very large excess of zinc powder in a long tube, closed at one end. A pro- 
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duct distilled over, and condensed in the cool part of the tube. On collecting it and 
purifying it by recrystallization, they found they had not a new substance, but a 
hydrocarbon discovered as long ago as 18^32 by Dumas and Laurent, and obtained 
by them from tar. They had given it the formula C,, Iljg; and as apparently it 
thus contained once and a half as many atoms of carton and hydrogen as naph- 
thalin did, they named it Paranaphthalin. Afterwards Laurent changed its name 
to Anthracene/ by which it is still known. Fritzsche, in 1857, probably obtained the 
same body, but gave it the formula 0,. IIjo* Anderson also met with it in his re- 
seai'ches, established its composition, and formed some derivatives from it. Limprich 
in 1806 showed it could be formed synthetically by lieating benzol chloride (C^lLcl) 
with water,* and Berthelot has since proved that it is formed bv the action of neat 
on many hydrocarbons. This first step was then complete and most satisfactoiy : 
from alizarin they had obtained its hydrocarbon ; and this hydrocarbon was a body 
already known, and with such marked properties that it was easy to identify it. 
But would the next requirement be fulfilled ? would it, like btmzol and naphthalin, 
yield a quinone ? The experiment had not to be tried ; for when they found that 
anthracene was the hydrocarbon formed, they recognizt'd in a body already known 
the quinone derivable from it. It had been prepared by Laurent by the action 
of nitric acid on anthracene, and called by him Anthraceniise ; and the same 
substance was also discovered by Anderson, and called l^y him Oxanthracene. The 
composition of this body was proved by Anderson and Laurent to be 0, , 1T„ (> 2 , and 
thus bears the same relation to its hydrocarbon anthracene that quinone and 
naphthaquinone do to their hydrocarbons. Graebe gave to it tlie systematic name of 
Anthraquinone. 

We have, then, now three hydrocarbons ^^ip) differing by 

C 4 II 2 , and all forming starting-points for these differmit quinone series. Anthra- 
quinone, acted upon by chlorine, gave substitution -products such as might have 
been foretold. It is an exceedingly stable compound, not acted upon even by 
fusion with potassic hydrate. Bromine does not act upon it in the cold ; but at 
100® it forms a bibromanthraquinone. Other bromine compounds have also been 
formed. 


Now, if the analogies which have guided them so far still hold good, they would 
seem to have the nieaus of forming alizarin artificially. Their theory is that it is 

dioxyanthraquinone^Cj^ 11 ^ find if so, judging from what is known to take 


place with other quinone derivati^ es, should he formed from this dibromanthra- 
quinone on boiling it with potash or soda and then acidulating the solution, ’^riioy 
try the experiment, and describe how, contrary at first to tlieir expectation, on boil- 


ing dibromanthraquinone witli potash no change occurred ; but afterwards, on 
using stronger potash and a higdier temperature, they had the satisfaction of seeing 
the liquid little by little become of a 'violet colour. This shows the formation of 


alizarin. Afterwards, on acidifying this solution, the .alizarin separated out in 
yellowish flocks. On vol.atilizing it they get it in crystals like those obtained 
from madder; on oxidizing it with nitric acid, they get phthalic acid; and 
on precipitating it with the ordinary mordants or other metallic solutions, they 
get compounds exactly compar.able to those from the natural product. Every trial 
confirms their success ; so, by following purely theonitical considerations, they have 
been led to the discovery of the means of artificially forming this important organic 
colouring-matter. A special interest must always attach itself to this discovery ; 
for it is the first instance in which a natural organic colouring-matter has been built 
up by artificial means. Now the chemist can compete with nature in its produc- 
tion. Although the first, it is a safe prediction that it will not long be the only 
one. Which colouring-matter will follow next it is impossible to say ; but, sooner 
or later, that most interesting one, scientifically and practically, indigo, will have to 
yield to the scientific chemist the history of its production. 

Returning for a moment to the percentage composition of alizarin, now that we 
know its constitution, its formula is established; and on comparing it 
with all the different formulae which have been proposed, we see that the one advo- 
cated by Schunck was Ufiost nearly correct — in fact that it differs from it only by 
two atoms of hydrogen. ^ Jt is not without interest to note that the next most im- 
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portant colouring-matter in madder, piirpurin, which so pertinaciously follows ali- 
zarin, is in constitution very nearly allied to it, and is also an anthracene derivative. 

Scientifically, then, the artificial production of this natural product was complete ; 
but the practical question, Can it be made in the laboratory cheaper than it can be 
obtained from the root had yet to be dealt with. The raw material, the anthracene, 
a by-product in the manufacture of coal-gas, had as yet only been obtained as a 
chemical curiosity ; it had no market value; its cost would depend on the labour 
of separating it from the tar and the amount obtainable. But with regard to the 
bromine necessary to form the bibromanthraquinone it was different ; the use of 
such an CA'pensive reagent would preclude the process becoming a manufacturing 
one. But could no cheaper reagent be used in place of the bromine, and thus crown 
this discovery by utilizing it as a manufacturing process ? It was our countryman 
Mr. Perkin wlio first show^ed how this could be done, and has since proved the very 
practical and important nature of his discovery by carrying it out on the manufac- 
turing scale. The nature of Perkin’s discovery was the forming, in place of a 
bibromanthraquinone, a disulphoanthraquinone ; in a word, he used sulphuric acid in 
place of bromine, obtaining thus a siilpho-acud in place of a bromine substitution- 
compound. The property of these sulpho-acids, containing the monovalent group 
II 8( )„ which is the equivalent to the atom of bromine, is that on being boiled with 
an alkali they are decomposed, and a corresponding alkaline salt formed. Thus the 
change from tlui anthraqiiinone to the alizarin was effect'd by boiling it with sul- 
phuric acid. At a high temperature it dissolves, becoming a sulpho-acid, 

I 

Cj, 11(5 < 11 SOj ; and then the further changes follow, as they did with the bromine 
' (11 SO, 

compound. The sulpho-acid boiled with potash is decomposed, and a potash salt 
of alizarin and potassic sulphite are formed ; acid then precipitates the alizarin 
as a bright yellow substance. 

AVhile Perkin was carrying on these researches in this country, Caro, Graebe, and 
Licbermann were can’ying on somewhat similar ones in Germany ; and in both 
countries have the scientific experimcjits developed into manufacturing industries. 
My knowledge extends only to the English manufactory ; and if any excuse be ne- 
cessary for having asked your attention to-day to this long history of a single sub- 
stance, I think I must plead the existence of that manufactory as my excuse ; for 
it is not often that purely scientific research so rapidly culminates in great practical 
undertakings. Already has the artificial become a most formidable opponent to the 
natural product ; and in this struggle, already begun, there can be no doubt which 
will come oft' victorious. 

In the manufactory is rigidly carried out the exact process I have already 
described to you. Iii tar there is about one per cent, of anthracene ; this, in a 
crude impure state, is obtained from it by the tar-distiller and sent by him to 
the colour-works. Hen; it is purified by pressure, by dissolving from it many of 
its impurities, and, lastly, by volatilizing it. Then comes the conversion of it into 
the anthraquinone by oxidizing agents, nitric or chromic acid being used, then the 
formation of the aulpho-compound by heating it with sulphuric acid to a tempera- 
ture of about 200° 0. The excess of acid present is then neutralized by the addi- 
tion of lime, and the insoluble calcic sulphate is filtered off. To the filtered liquid 
sodic carbonate is added, and thus the calcic salt of the sulpho-acid is changed into 
( ( 0 .)" 

the sodic salt, C.qIL <NaSO,. This is afterwards heated to about 180° C. with 
(NaSO; 

caustic soda, thus decomposing the sulpho-acid and forming the soda salt of 
alizarin and the sodic sulphite. The alizarin salt so formed remains in solution, 
giving to the liquid a beautiful violet colour. From this solution sulphuric acid 
precipitates the alizarin as an orange-yellow substance. It is allowed to settle in 
large tanks, and then is run, in the form of a yellowish mud, 'which contains either 
10 or 15 per cent, of dry alizarin, into barrels, and is in this form sent to the 
print-works, and used much in the same way as the original ground madder 
was used. 

This alizarin mud, ns I have called it, containing but 10 per cent, of dry alizarin, 
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is equal in dyeing-power to about 8 times its weight of the best madder^ and is the 
pure substance required for the dyeing, in place of a complicated mixture containing 
certain constituents which have a positively injurious edect on the colours produced. 

The scientific knowledge and energy which Mr. Perkin has brought to bear on 
the manufacture of this colouring-matter seem already to have worked wonders. 
The demand and supply for artificial alizarin are increasing at a most rapid rate ; 
and yet the manufacture of it seems hardly to have commenced. The value of 
madder has much decreased ; and in fact, judging by what occurred in the year of 
revolution and commercial depression ( 1848), when the price of madder fell for a 
time to a point at which it was considered it would no longer remunerate the 
growers to produce it, that point has now been again reached, but certainly from 
very different reasons. Last year * artificial alizarin equal in value to about one 
fourth of the madder imported into England was manufactured in this country. 
This year the amount wdll be much larger. 

Thus is growing up a great industry, which, far and wide, must exercise most 
important effects. Old and cumbrous processes must give way to better, cheaper, 
newer ones; and, lastly, thousands of acres of land in many different parts of the 
world will be relieved from the necessity of growing madder, and be ready to 
receive some new crop. In this sense may the theoretical chemist be said even to 
have increased the boundaiies of the globe. 


On the Detection of Adulteration of Tea, By Alfred H. Allen, F,C.S, 


On Alpha- and Beta-Naphthylic Sulphide, 

By Henry E. Armstrong, PhJJ,y F.C,S, 

Whereas in the fatty seiies of organic compounds two classes of bodies of the 
form Iv’(^CIs) are known, ^iz. the sulphocyanates and tlie so-called mustard-oils 
or isosulphocyanates, in the aromatic series the compounds of the latter class alone 
have been obtained. Thus all attempts to prepare phenylic sulphocyanate, for 
example, by distilling a salt of benzenesulphonic acid with potassic sulphocyanate 
have oeen unsuccessful. It appeared possible that the desired compound, although 
formed in the first instance, was produced at a temperature so high that it at once 
underwent decomposition, and that better results might be hoped for from the 
employment of sulpho-salts more easily acted upon than the beiizenesulphonates. 
A dry mixture of the potassic salt of alpha-naphthalenesulphonic acid and potassic 
sulphocyanate was therefore submitted to distillation ; and a semisolid product 
was thus obtained, which could be purified by recrystallization from a solution of 
carbonic disulphide in alcohol. On analysis numbers were obtained which show 
that the product is a naphthylic stlphide, ( 0 , 01 X 7 ) 28 . A mixture of the potassic 
salt of beta-naphthelenesulphonic acid and potassic sulphocyanate behaved similarly 
on distdlation ; the product appears to consist of beta-naphthylic sulphide. 

Alpha-naphthylic sulphide crystallizes in long white needles, melting at about 
100 ° ; it is scarcely solunle in alcohol, but dissolves readily in carbonic disulphide 
and glacial acetic acid. The beta-compound has a higher melting-point, and is 
also less soluble in a mixture of carbonic disulphide and alcohol. 

On distilling the potassic salt of either alpha- or beta-naphthalenesulphonic acid 
much naphthalene is formed, but apparently no naphthylic sulphide. 


On the Action of Sulphuric add on Ethylaniline and Dimethylaniline, 

By Henry E. Armstrong, Ph,D,, F.C,S. 

On heating ethjlaniline with an excess of Nordhausen sulphuric acid until sul- 
phurous hydride is evolved, and subsequently mining the product with water, a 

On the Ist of this month (September) the value of madder-roots in France was 24 to 
20 francs per 50 kilogrammes. The average price in 1848 was 27, but in June and July 
of that year it was 22 francs. 
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crystalline mass is obtained, which is readily recognized as sulphanilic acid, 
reaction pi*obably occurs thus : 


N 


CeH., 

II 


+2II,SO,=N 


(IIS 03 ) 4 -C,H,.HS 0 ,+ 0 H,. 

H 


The 


Dimethylaniline similarly treated behaves differently, however, being converted 
into a monosulphonic acid. 

N j«A+ii.so..N {c.n.(nso.)+oii.. 


ClI 


OIL 


Note on Oresol Derivatives. By Henry E. Armstrong, Pli.D., F.C.S. 

The author brief] v refen'ed to the results of the preliminary examination of coal- 
tar cresylic acid, which he had commenced in conjunction with Mr. 0. L. Field, 
and stated that the dinitrocresol described by them in a communication to the 
(Chemical Society had since been identified with dinitroparacresol. 


On the Action of SuljiJiide of Methyl on Bromacetic Acid, 
By Professor Dr. Crum Brown, F.E.S.E, 


On Blade Deposits of Metals, By Dr. J. H. Gladstone, F,II.S, 

If one metal be thrown down from solution by means of another metal, it does 
not always present itself of the same colour as it exhibits when in mass ; in fact 
most metals that are ca})able of being precipitated by substitution may be obtained 
in a black condition. The allied metals platinum, palladium, ana iridium are 
generallv, if not always, black when thus prepared ; and bismuth and antimony form 
black fringes, and little else. Similar fnnges are also formed by gold j but it also 
yields green, yellow, or lilac metal according to circumstances. Copper when first 
deposited on zinc, whether from a weak or a stroug solution, is black ; but in the 
latter case it becomes chocolate-coloured as it advances, or red if the action be 
more rapid. Lead in like manner is always deposited black in the first instance, 
though the growing crystals soon become of the well-known dull grey. Silver 
and thallium appear as little bushes of black metal on the decomposing plate, if 
the solution be very weak, otherwise they gi’ow of their proper colour. Zinc and 
cadmium give a black coating, quickly passing into dark gi'ey, when their weak 
solutions are decomposed by magnesium. The general result may be stated 
thus : — If a piece of metal be immersed in the solution of another metal which it 
can displace, the latter metal immediately makes its appearance at myriads of 
points in a condition that does not reflect light ; but as the most favourably 
circumstanced crystals grow they acquire the optical properties of the massive 
metal, the period at which the change takes place depending partly on the nature 
of the metd, and partly on the rapidity of its growth. 

In the production of the black deposit of the copper-zinc couple lately employed 
by the author and Mr. Tribe to break up various compound bodies, there are several 
stages that may be noted. At first an outgrowth of copper forms on the zinc ; 
then while this action is still proceeding the couple itself acts upon the water or 
the sulphate of zinc in solution, the metallic zinc being oxidized, and hydrogen 
gas or black zinc being formed against the copper branches. This deposit of mc 
was originally observed by Dr. Bussell. The arrangement of the particles between 
the two metals in connexion is supposed to be somewhat thus : — 

Cu I ZnSO, 1 ZnSO, | H^O | H^O | Zn, 
which by the conjoint polar and chemical force becomes 

Cu 1 Zn 1 ZnSO, | HjSO, | H,0 i ZnO. 
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If there is still copper sulphate in the solution, this deposited zinc may in its turn 
become coated with copper ; but if it remain exposed to water it is sure to become 
oxidized. The black deposit often assumes a brownish colour when this is the 
case. The copper on which zinc has been deposited gives a brassy streak when 
rubbed in a mortar; but the presence of oxides tend to prevent the sticking 
together of the detached pieces of metal, and thus the formation of a streak on 
pressure. If, however, the oxide be removed by acetic acid, the cl(‘an ramifications 
of metal, whether black or otherwise, conglomerate of their own accord in a re- 
markable way, and little pressure is required to obtain a yellowish melallic streak ; 
while, if hydrochloric acid he used, the zinc itself also dissolves with efTervescence, 
and the conglomerating pieces of metal when rubbed give a coppeiy streak. 


On a Contimwus Process for Puriftpmj Coal-cjaff and ohiaining Sulphur and 
Ammonium Sulphate, By A. Yeknon Harcourt, F.ll.S., and F. W. 

fison, F . as , 


On the Spectra of certain Boric and Phosphoric Add Blouplpe Beads. 

By CuARLEs Horner. 

This memoir is intended to show the importance of studying coloured phosphoric 
and boric acid beads with the s})ectroscope, and that much valuable Knowledge 
may be derived from a careful observation of the various spectra, since certain 
constituents in complex minerals may be often recojrnized in the samt* bead. The 
author then explains how in phosphoric acid beads didymium, uranium, cobalt, 
cbromiiim, &:c, may be detected in fractional quantities by their characteristic 
absorption-bands and lines in the presence of other substances like iron, nickel, <fec., 
which give no such positive spectra. 

The author also furnishes new tests for tungsten, molybdenum, and cadmium, 
by which the two former more especially may be determined in infinitesimal 
quantities of at least 0*0001 of a grain by means of their remarkable absorption- 
spectra. To produce these results the author adopts tlie somewhat novel imdhod 
of fusing the substance along with boric acid simultaneously, at a very gentle heat, 
until the bead is tolerably clear. Tungsten, molybdenum, vanadium, and titanium 
oxides all yield brown beads when cold, nickel reddish purple, and cadmium a 
bright yellow by reflected light. 

The subjoined Table gives the positions of the bands and lines according to Mr. 
Sorby’s scale and notation. 


Table of Spectra. 


Phosphoric acid heads. 
Uranium oxide . . . 

Chromium „ 

Didymium „ 
Tungsten „ 
Molybdenum oxide 


Red end. 

^ 7f. 

f 

3| ^5 6, GJ, 

3 .... 5 

3f . . . . G| 


Boric acid beads. 
Tungsten oxide . . . 

„ with soda . . . 
Molybdenum oxide 
Cadmium „ 


n 3 
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Note on the Elements in the Sun, By J, Norman Lockter, F,R,S, 


The Sewage of Manufacturing Towns. By W. T. M^^Gowen. 

The subject one of peatest difficulty in the management of large manu&ctuiing 
towns ; importance oi having it considered before the Association. 

Sketch of the stages by which the question has attained its present magnitude. 
Absurd position of local authorities consequent on conflicting decisions to which they 
are exposed. 

Endeavours on the part of Government to arrive at satisfactory result by means 
of Commissions ; their result. 

Proceedings of Government by bill in the Commons ; review of the measure ; 
renewed bill in the Lords ; review thereof. Result of both bills. 

Return by Local Government Board as to steps taken in towns to deal with 
sewage. Review of the document. 

Measures adopted by the Bradford Coi-poration for defecating their sewage. 
However successful, will be comparatively inappreciable as affecting the state of tne 
Aire and C alder. 

Combined efforts of Bradford and neighbouring Corporations to deal with those 
rivers on a broad and liberal principle by means of an elective Conservancy Board 
for the rivers, and by means of the Local Authority in every district of the Water- 
shed; subject to appeal to the Local Government Board. Defeat of the measure, 
though supported by the Government recommendation that the leading feature of 
that scheme be adopted as the basis of general legislation. 

Difficulty of establishing sewage-farms in this and similar districts. 

Possibility of failure of all remedies yet tried. Outline of scheme for such an 
emergency. 


On the Valuation of Commercial Crude Anthracene, 
By Dr. Paul arid A, D. Cownley, F.C.S, 


On several Ilomologues of Oxaluric Acid. By W. H. Pike. 

The anhydrides of the dibasic acids add themselves to urea, and^to sulpho- 
carbamide to form acids which are homologous with oxaluric acid. Thus, by 
heating a mixture of succinic anhydride and urea in the proportion of their mole- 
cular weights to lo0° C., the succino-carbaminic acid is produced, as expressed 
by the equation 

CH,— 00 /NHj cir— CO— Nil— CO— Nil, 

1 /O-f-CO =1 , 

rH,-CO \NFI, CH -COOH. 

This acid, crystallized from water, forms pearly scales which fuse at 203-204° C. 
It is insoluble in alcohol, ether, chloroform, and bisulphide of carbon, but soluble 
in glacial acetic acid and boiling water, as also in concentrated sulphuric acid. 
The salts of the alkalies and alkaline earths are easily soluble ; those of lead and 
silver form white precipitates. 

If sulpho-carbamide be substituted for urea in the above reaction, the succino- 
sulphocarbaminic acid is formed. This acid resembles the preceding in all its 
properties. It forms a crystalline powder, which fuses at 210-5-211° 0. Its 
formula is 

OH,— CO— NH— CO— NH^ 
in,— COOH 


Citrjwiomc anhydride does not combine with urea ; carbonic acid is liberated, and 
1873. 5 
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citraconamide produced. Howerer, citraconic anhydride treated with sulpho- 
carbamide yielos the citraconsulpho-carbaminic acid 


This body has similar properties to those of the foregoing acids. It fuses at 
222-223° C. No such combination could be obtained between lactide and urea, or 
between lactide and sulphocarbaniide. In the first case lactamide and carbonic 
acid were produced ; in tne second, lactamide and oxysulphidc of carbon. 


CO--NH 


dH 

<cboii 


On Horn Silver, By W. Chandler Roberts, F,C.S, 


On the Constitution of some Silicates, By Professor Schaearik, Prayue, 


On Artificial jSlaynetite. By John Sptller, F.C,S, 

The object of this communication was to point out an error in the statement of 
a chemical reaction occurring in several standard worlcs of reference, and, in the 
second place, to indicate the formation of crystallized magnetic oxide of iron 
(magnetite) in the ordinary process of manufacluring aniline from nitrobenzol by 
the reducing action of metallic iron. 

Reference was made to Reimann’s ^ Aniline and its Derivatives,’ and to Wagner’s 
* Chemical Technology,’ where the action of iron upon nitrobenzol in the presence 
of acid (B^chanip’s process) is stated to give feme oxide or a hydrated oxide 
of iron.” The author pointed to the fact that tlu* ordinary rt*sidual product in this 
operation was 6/acA:, and could be so far purifKHi by washing and ('lutriation from 
the excess of iron usually remaining in admixture as to give a fine black pigment, 
which appeared under the microscope as minute octahedra, and was strongly 
magnetic. Chemical analysis showed this to consist almost entirely of magnetic 
oxide of iron, with such impurities as were inherent to the process or previously 
existed in the cast iron. The physical properties of this form of oxide were 
further described, and its analogy to the uati\e varieties of magnetic ore (Cornish 
and Dannemora) shown by the following analysis of the substance dried at 


110“ C. 

Ferric oxide 67*00 

Ferrous oxide 30*05 

Graphite 1 *23 

Silica *78 

Phosphoric acid *62 

Sulphur and manganese traces 


99*68 

Metallic iron (total) 70*27 


On a form of Oas^generator, By C, J. Woodward, B,Sc, 

What are required in a gas-generator are a ready means of bringing the acid 
into contact with the zinc, marble, &c., and, what is of even greater importance, a 
ready means of removing it when the supply of gas is no longer wanted. The 
^nerator devised b^Dobereiner is theoretically perfect; but, owing to slight leakage, 
It win not remain in action for any length of time. 

Two forms of generator were described. The first consists of a stoneware vessel 
Bomewijnt similar to a Woulfe’s bottle. To one of the tubulures is fastened a gloss 
cylinder containing the zinc, marble, &c. ; to the other tubulure is attached a tube 
through which a plug of wood passes loosely. To bring the apparatus into action 
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the wooden plunger is depressed, when, from displacement, the acid rises and is 
thus brought into contact with the zinc. When the plug is down the supply of gas is 
self-regulating, just as in the apparatus of Dobereiner. The other form oi generator, 
and the one which the author generally uses, is made from a wide-mouthed bottle 
containing acid. Into the mouth of this bottle fits a glass cylinder containing the 
materials for generating the gas. At the shoulder of the bottle is a hole admitting 
a small india-rubber tube, on which is placed a pinch-tap. 

Supposing the apparatus is wanted in action, the pinch-tap is opened and air 
forced into the bottle by means of the mouth. The pressure of air forces acid up 
the cylinder, when immediately the gas is given olf. The apparatus is put out of 
action in a moment by opening the pinch-tap, when the connned air escapes and 
the acid falls. Instead of using the mouth to compress the air, a small india- 
rubber ball may be used. 

New Derivatives from Codeine and Morphine, By C. E. A. Wright, D,Sc, 
Lond., Lecturer on Chemistry in Bt, Mary’s Hospital, London, 

Since the last Meeting of the Association the following further results have been 
obtained, partly in conjunction with Mr. E. L. Mayer, of (Glasgow. 

Some of the polymerides of morphine corresponding to the di-, tri-, and tetra- 
codeine described in last year’s paper are obtainable by the action of sulphuric acid 
diluted with its own bulk of water on morphine at 100°. Although dicodeine is 
readily obtainable from codeine in this way, dimorphine does not appear to result in 
any appreciable quantity ; trimorphine and tetramorpMne, on the other hand, are 
readily producible, the physical properties of these two bases and their derivatives 
corresponding exactly with those of tricodeine and tetracodeine respectively. The 
derivatives of the four series of polymerides may be thus characterized : — 

ilfowo-series (non-polymerized). Bases crystalline ; salts crystalline. 

jDf-series (polymerized). Bases amorphous and soluble in ether ; salts crystalline. 

Tn-series (polymerized). Bases amorphous and soluble in ether; salts amorphous, 

Te^ra-series (polymerized). Bases amorphous and insoluble in ether; salts 
amorphous. 

On account of their physical properties, the bases hitherto provisionally termed 
‘‘ apomorphine,” deoxycodeine,” and deoxymorphine ” are viewed as being 
derivatives of (hypothetical) dimorphine or of dicodeine respectively. 

Trimorphine, when administered subcutaneously to cats, produces excitement 
and salivation, with slight hypnotesia, but no vomiting ; tetramorphine, on the 
other hand, is a most energetic emetic, its action being (so far as cats are con- 
cerned) much more marked than even that of apomorphine.” 

Trimorphine is acted on by hydrochloric acid, producing a chlorinated base ; in 
this respect trimorphine is not analogous to tricodeine, which only loses the 
elements of water by this treatment ; thus. 

Tricodeine C, =Gn2 0-f (C3--6H2O), 

Trimorphine M3+2HC1=2H2 0 -h (M3-f 2HCI-2H2 0 ). 

The occurrence of this reaction proves that the base termed trimorphine (and 
hence also by analogy tricodeine) is actually the treble polymeride of morphine — 
a conclusion hitherto only deduced from the physical properties of the series of 
polymerides. 

Tetramorphine, like tetracodeine, is not acted on by hydrochloric acid. 

The so-called sulphomorphide ” of Arppe ana 01 Laurent and Gerhardt, 
supposed by the latter to be a kind of amide, is found to be nothing but the 
sulphate of tetramorphine; its formation is accompanied by the proauction of 
minute quantities of ‘^apomorphine.” 

The action of hydrochloric acid on morphine appears to giye rise, first, to 
chlorinated bases aeriyedjrom non-p^merized morphine — ^mixture of sub- 
stances of compositions (M-fHOl), (M-l-HOl— HgO), and (M-I- 2 HCI— -2112 0 ) 
being produced, — and secondly, by the further alteration o£ these just formed 
substances, to “ apomorphine ” and a chlorinated tetra-base (M44-2HCI). 



68 


REPORT^] 873. 


The action of hydrochloric acid on codeine is in some respects analogous to, in 
Others different from, that on morphine j ^e first products formed are derived 
from non-polymerized codeine, and are (C-f-HCl) and (0+21101 — 2112 0), the 
latter being the chlorocodide of Matthiessen and the author. As '^chlorocodide 
regenerates ordinary codeine by thejiction of water in sealed tubes, the production 
of this base, preceded by that of (O+HOl), proves, first, that these substances 
(and hence by analogy the corresponding morphine derivatives) really belong to the 
wowo-series, and, secondly, that monocodeine has the formula Ogg IL * Na 0 „, and not 
(as usually supposed) the half of this, viz. NO^ (and hence by analogy that 

monomorphine is Na Og, and not C,^ Hig NCl^). 

In just the same way tlie first action of liydrobromic acid on codeine is found to 
give* rise to (0+HBr), (C+2HBr— 2 H 2 O) or bromocodide being subsequently 
produced. 

The further action of hydrochloric acid on ** chlorocodide ” has been shown by 
Matthiessen and the author to consist in the elimination of methyl as chloride, anil 
the abstraction of the elements of water, foniiing apomorphine,^’ the reaction 
taking place at 140-150° in sealed tubes. When the action is allowed to take place 
at 100 °, however, it follows a slightly different course ; methyl chloride is formed 
and water is eliminated, but the resulting substance is not apomorphine,^’ but a 
body which may be regarded as standing intermediate between diniorphine and 
‘‘apomorphine ’’ (tetrapodimorphine); its physical characters are those of a di- 
denvative, and it much resembles apomorphine in all respects save composition and 
physiological action ; the recrystallized pure hydrochloride gave numDers leading 
to the formula (M 3 — 2 II 2 O), ‘^apomorphine” being (Mg- 41 J 2 O); and hence the name 
diapodimorphine is gi\ en to this substance. Simultaneously with diapodimorphine, 
abase isomeric therewith, but belonging to the tetra-series, is produced j this, being 
indicated by the formula O), may be tenned ivirapotetramorphine. 

The alteration in the physiological action (on cats) of the morphine polymerides 
produced by successive abstraction of the elements of water is well exemplified by 
the following Table. The last-mentioned base, octapotHramorphiney is obtained as 
the final product of the joint action of concentrated zinc chloride and hydrochloric 
acid on morphine; its formation is preceded by that of “apomorphine,” the base 
(M+HCl— HgO), and a tetra-base (M^+HOl — dllgO), the one or the other being 
formed according to the temperature employed and other circumstances. 

Di-Series. 

Name of base. Relation^ morphine. Physiological action. Observer. 
Dimorphine (hypothetical) . . Mj ? ? 

( Produces profuse 1 
salivation but no i Dr. J. G. Blackley, 
vomiting (cats). ) 

( Moderately pow- ) 
erfulemetic(cats). / Drs. Gee and 
Very powerful f Stocker, 
emetic (man). ) 

Tetra-Series. 

K 

H.-2H.0 {’(SSdZJ.t I ” 

^ (Produces profuse j 

Tetrapotetramorphine M^— 4 H 2 O < salivation Vit no [ Dr. Blackley. 

I vomiting (cats). ) 

i Produces neither) 
salivation nor i „ 

vomiting (cats). ) 
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It hence appears that the emetic action (on cats) of di-derivatives becomes much 
increased as the abstraction of the elements of water goes on, whilst the oppo- 
site holds in the case of the tetra-derivatives. Isomerides in different series may 
or may not have the same kind of physiological action ; thus diapodimorphine 
and its isomeride tetrapotetramorphine are not far apart in their effects, whilst 
tetrapodimorphine and its isomeride octapotetramorphine are very dissimilar — just 
as morphine, trimorphine, and tetramoi-phine, or codeine, dicodeine, tricodeine, and 
tetracodeine are different in physiological action. 

The differences in chemical reactions between the four series of polymerides and 
their derivatives are as well mar]^ed as are their physiological properties; thus 
when either apomorphine,” diapomorphine, or deoxyniorphine ’’ fall of which 
are di-derivatives) is dissolved in caustic potash solution, a liquid is obtained which 
rapidly absorbs oxygen from the air : on acidifying this liquid with hydrochloric 
acid and agitating with ether, a substance is dissolved out which communicates to 
the ether a magniticcnt purple tint. This colouring-matter is possessed of the some- 
what remarkable property of giving solutions of very different colours and shades 
with various solvents, the same quantity being dissolved to the same bulk in each 
case : thus alkalies dif^solve it, forming a bright green liquid ; water containing 
ammoniacal salts, a beautiful blue ; whilst alcohol, chloroform, bisulphide of carbon, 
ether, and benzene dissolve it, forming liquids of shades varying from violet-blue 
to red-purple, but differing in each case. The pure substance is indicated by the 
formula II,t N.^ O^. It is insoluble in acids, and forms an indigo-blue powder 
exhibiting traces of crystallization. 

Only di-derivatives are capable of giving rise to this colouring-matter ; mono-, 
tri-, and tetra-derivatives of morphine and codeine do not yield a trace of it, provided 
the substances used are perfectly free from all admixture of di-derivatives. 

Again, the action of heat (150°-180°) on the hydrochlorides of monomorphine de- 
rivatives causes them to decompose ; and on distilling with potash the resulting 
substance, a mixture of methylamine and pyridine is obtained. On subjecting tetra- 
morphine derivatives to the same treatment, methylamine only is produced ; whilst 
“ apomorphine ” (the only di- derivative available in sullicient quantity for the ex- 
periment) yields no volatile base at all by this treatment. 

It would hence seem probable that the relations of the nitrogen to the other ele- 
ments present are different in the different series of polymerides. Experiments are 
contemplated with a view to estimating the different amounts of " Intrinsic Chemi- 
cal Energy ” present in equal weights of isomerides in the different series. ( Vide 

lieport on Essential Oils.” 

The derivatives of morphine and codeine (upwards of forty in number) that have 
been obtained during the last fewyearsmay, with only one or two inconsiderable excep- 
tions, be all regarded as derived from one or other of the polymerides, M, Mj, M 3 , M 4 , 
or 0 , C,^, C 3 , C 4 , by addition or subtraction of hydrogen, addition of the elements of 
hydrochloric (hydrobromic or hydriodic) acid, and elimination of the elements of 
water ; all consequently are expressible by the general formulm 

(C ±H/,)a:+wHX--wH2 0, 

or _ 

(M±IIp)ar+mHX-wH3 0, 

where 

p has values varying from 0 to 8 ; 

.r = 1, 2, 3, or 4, giving rise to the mono-, di-, tri-, and tetra-series respectively ; 

m varies from 0 to 4 ; 

71 varies from 0 to 12 ; and 

X stands for either Cl, Br, or I. 

Thus the base provisionally termed bromotetracodeine may be written 

|(C--H) 4 + 2 HBr}-^ deoxymorphine as [(M-f dllgOI^ 

and so on. Tables giving the composition of these derivatives, formulated and 
arranged on this principle, are given m the ‘ Journal of the Chemical Society,’ 1873, 
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p. 228, and the ^Chemical News,’ vol. xxvii. p. 287, or in the ^Berichte der Den 
Uhem. Ges.,’ vol. v. p. 1111, and vol. vi. p. 2G8. 

The author a^ain desires to express his thanks to Messrs. Maofarlane and Co., c 
Edinburgh, for their great kindness and liberality in presenting him with the alka 
loids necessary for these researches. 


GEOLOGY. 

Address hy John Phillips, M.A,^ D,C.L, O.ron., LLD, CamhAdge and 
Dublin, F.B.S,, F.O.JS. 

More than half the life of an octogenarian separates us from the birthday of the 
British Association in Yorkshire ; and few of those who then helped to inaugurate 
a new scientific power can be here to-day to estimate the work which it accom- 
plished, and judge of the plans which it proposes to follow in future. Would that 
we might still have with us the wise leading of Ilarcourt, and the intrepid advo- 
cacy of Sedgwick, names dear to Geology and always to be honoured in York- 
shire ! 

The natural sciences in general, and Geology in particular, have derived from the 
British Association some at least of the advantages so boldly claimed at its origin : 
some impediments have been removed from their path ; society looks with approba- 
tion on their efibrts ; their progress is hailed among national triumphs, though 
achieved for the most part by voluntary labour ; and the results of their discoveries 
are written in the prosperous annals of our native industiy. 

In most cases scientific truth is established before that practical application is 

E osaible which constitutes a commercial revolution and is welcomed with applause 
y the community. \\'hat a change has happened within forty, nay, twenty years, 
in the ironworks of this country 1 But long before the foundations of furnaces were 
laid at Middlesborough, the ferruginous bands in the Yorkshire cliffs had been 
often explored by geologists, and waited only for the railway to yield millions of tons 
of ore. The occurrence of good ironstone in the i^iassic strata of England is a source 
of profit as far to the south as Oxfordshire ; Northamptonshire yields it in abundance 
at the base of the Oolites, and Lincolnshire above them ; while on the Yorkshire 
coast, in addition, we have smaller beds in the midst of the Oolites, through nearly 
the whole range, associated with poor and thin coal. 

To determine the extent of the British coal-fields, and the probable duration of 
the treasures which they yield, and to discover, if possible, other fields quite un- 
dreamed of by practical colliei's, are problems which geology has been invited to 
solve ; and much progress has been made in these important inquiries by private re- 
search and the aid of a public Commission. The questions most interesting to the 
community — the extent to which known coal-fields spread beneath superior strata, 
and the situation of other fields having no outcrop to the surface — can often be an- 
swered on purely geological grounds, within not very wide limits of probability. 

If, for example, we ask how far to the eastward the known coal-strata may extend 
under the Vale of York, a reasonable answer is furnished by Mr. Hull and the Govern- 
ment Commission. The whole great coal deposit, extending from Bradford to 
Nottingham, passes under the Magnesian Limestone, and may be found for at least 
a few miles in breadth within attainable depths. It passes under a part of the 
Vale of Y’^ork, probably south of the city. But before attempting to give a practical 
value to this opinion, it may be well to remember that, fully tried, the experiment 
would be too costly for individual enterprise, while if successful it would benefit 
more than a county, and that not only a large outlay must be provided for it, but 
arrangements made for persevering through several years in the face of many diffi- 
culties and perhaps eventual disappointment. Still, sooner or later, the trial must 
be made ; and geology must direct the operation. 

Considerations of this kind invest witn more than momentary interest the great 
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undertaking to which Mr. Godwin-Austen called attention in his address to the 
Geological Section at Brighton. Not to dig gypsum, not to open a new supply of 
salt, not to discover coal in Sussex, but to find out what is below the Wealden, 
and thus contribute to solve a great practical problem for London and all the south 
of England, have geologists undertaken the aeep boring near Hastings. What is 
below the Wealden? l)o the oolitic rocks continue beneath it with their usual 
characters and thickness ? or do they suffer that remarkable diminution which is 
observed in their eastward declination through the midland counties ? Do they 
occur at all there ? may they lie only in separate patches amidst older rocks ? may 
these older rocks, continued from Belgium, appear at once or at no great depth 
below the Wealden, and bring with them, if not coal, some sure knowledge of the 
way in which the great subterranean anticlinal passes from the Rhinelana through 
Belgium to Somerset, South Wales, and Ireland ? Such an experiment must not 
be allowed to come to a premature end. 

Turning, however, from these topics, which involve industrial interests, to other 
lines of geological research, we remark how firmly since 1831 the great facts of rock- 
stratification, succession of life, earth -movement, and changes of oceanic areas have 
been established and reduced to laws — laws, indeed, of phenomena at present, but 
gradually acquiring the character of laws of causation. 

Among the important discoveries by which our knowledge of the earth’s 
structure and history has been greatly enlarged within forty years, place must be 
given to the results of the labours of Sedgwick and Murchison, who established the 
Cambro-Silurian systems, and thus penetrated into ancient time-relics very far 
toward the shadowy limit of paheontological research. Stimulated by this success, 
the early strata of the globe have been explored with unremitting industry in 
every corner of the earth ; and thus the classiffcatiou and the nomeucdature which 
were suggested in Wales and Cumberland are found to be applicable in Russia and 
India, America and Australia, so as to serve as a basis for the general scale of 
geological time, founded on organic remains of the successive ages. 

This great principle, the gift of William Smith, is also employed with success in 
a fuller study of the deports which stand among the latest in our history and 
involve a vast variety of phenomena, touching a long succession of life on the land, 
changes of depth in the seja, and alterations of climate. Among these evidences of 
physical revolution, which, if modern as geological events, are very ancient if 
cstimat(M in centuries, the earliest monuments of man find place — not buildings, 
not inhabited caves or dwellings in dry earth-pits, not pottery or fabricated metal, 
but mere stones shaped in rude fasliion to constitute apj^arently the one tool and 
one weapon with which, according to Prestwich, and Evans, and Lubbock, the 
poor inhabitant of northern climes had to sustain and defend his life. 

Nothing in my day has had such a decided influence on the public mind in 
favour of geological research, nothing has so clearly brought out the purpose and 
scope of our science, as these two gi’eat lines of inquiry, one directed to the 
beginning, the other to the end of the accessible scale of earthly time ; for thus has 
it been made clear that our purpose can be nothing less than to discover the history 
of the land, sea, and air, and the long sequence of life, and to marshal the resulli 
in a settled chronology — not, indeed, a scale of years to be measured by the 
rotations or revolutions of planets, but a series of ages slowly succeeding one 
another through an immensity of time. 

There is no question of the truth of this history. The facts observed are found 
in variable combinations from time to time, and the interpretations of these facts 
are modified in different directions ; but the facts are all natural phenomena, and 
the interpretations are all derived from real laws of those phenomena — some 
certified by mathematical and mechanical research, others based on chemical 
discovery, others due to the scalpel of the anatomist, or the microscopic scrutiny of 
the botanist. The grandest of early geological phenomena have their representa- 
tives, however feeble, in the changes which are now happening around us ; the 
forms of ancient life most surprising by their magnitude or singular adaptations can 
be explained by analogous though often rare and abnormal productions of to-day. 
Biology is the contemporary index of Palaeontology, just as the events of the nine- 
teenth century furnish explanations of the course oi numan history in the older times. 
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To for^t) in referring to this subject, the name of our great and veteran leader, 
Sir Charles Lyell, would be difficult for any who have profited by the perusal of 
his masterly works, is impossible for those who, like me, have been witnesses of that 
life-long zeal and energy which carried him to explore distant regions and malte 
friends for English Geology in every quarter of the globe. 

Keeping our attention on Pleistocene Geology, we may remark that the famous 
cavern of Kirkdale, with the equally celebrated rock den of bears and hysenas at 
Torquay, receive no small help toward clearing up the history of mammalia in 
Britain from the explorations now going on in the limestone clifls not far from this 

E lace of meeting. In Kirkdale Cave no trace of hmnan art appeared ; Kent’s Hole 
as given proofs of the presence of man from the earliest period characterized by 
the remains of the great bear; and both there and in the Victoria Cave near 
Settle, at much later periods, domestic occupation is Mly established. 

It will be readily conceded that for gathering good information regarding the 
aborigines of our land the British Association has wisely appropriated some por- 
tion of its funds ; probably we shall agree in thinking that the additional data 
which may be expected are worthy of further expenditure and the employment of 
valuable labour. And this leads me to remark how real is the obligation of this 
Association to some of its members who have directed these researches, and how 
large a debt of gratitude is due to one in particular, who, not content with turning 
every day his intelligent eyes on the remarkable phenomena disclosed by excava- 
tion in the Torquay caverns, has with his own hands cleared and washed thousands 
of bones and teeth, studied, labelled, and arranged them, and year by year has de- 
lighted this Section with careful narratives of what he and Sir. Vivian, following 
the steps of MacEnery, have surely observed and recorded. Jjabour of this kind 
the Association cannot purchase ; nor would the generous spirit of my friend con- 
sent to such a treaty. I may, however, use the privilege of my temporary office, 
and suggest to you to consider whether the time is not come for the friends of the 
Association, and especially the members of this Section, to unite in a general effort, 
and present to Mr. rengelly a substantial proof that they highly appreciate his disin- 
terested labours in their serv ice, and the ample store of new knowledge which he 
has had so large a shai’e in producing. 

During the long course oi geological time the climates of the earth have changed. 
In manv regions evidence of such change is funiished by the forms of contemporary 
life. Warm climates have had their influence on the land, and favoured the gi’owth 
of abundant vegetations as far north as within the arctic circle; the sea has 
nourished reef-making corals in Northern Europe during Palaeozoic and Mesozoic 
ages ; crocodiles and turtles were swimming round the coasts of Britain, among 
iriands clothed with Zamice and haunted by mamipial quadrupeds. How have we 
lost this primaeval warmth ? Does the earth contribute less heat from its interior 
stores ? does the atmosphere obstruct more of the solar rays or permit more free 
radiation from the land and sea? has the sun lost through immensity of time a 
sensible portion of his beneficent influence ? or, finally, is it only a question of the 
elevation of mountains, the course of oceanic currents, and the distribution of land 
and sea? 

The problems thus suggested are not of easy solution, though in each branch of 
the subject some real progress is made. The globe is slowly changing its dimen- 
sions by cooling ; thus inequalities and movements of magnitude have arisen and 
are still in progress on its surface : the effect of internal pressure, when not resulting 
in mass-movement, is expressed in the molecular action of heat which Mallet applies 
to the theory of volcanoes. The sun has no recuperative auxiliary known to 
Thomson for replacing his decaying radiation ; the earth, under his influence, as 
was shown by Herschel and Adhemai*, is subject to periods of greater and less 
warmth, alternately in the two hemispheres and generally over the whole surface ; 
and finally, as Hopkins has shown, by change of local physical conditions the 
climate of northern zones might be greatly cooled in some regions and greatly 
warmed in others. 

One is almost frozen to silence in presence of the vast sheets of ice which some of 
my friends (followers of Agassiz) believe themselves to have traced over the moun- 
tains and vales of a great part of the United Kingdom, as well as over the ^kindred 
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regions of Scandinavia. One shudders at the thought of the innumerable icebergs 
with their loads of rock, which floated in the once deeper North Sea, and above the 
hills of the three Hidings of Yorkshire, and lifted countless blocks of Silurian stone 
from lower levels, to rest on the precipitous limestones round the sources of the 
Kibble. 

Those who, with Professor Hamsay, adopt the glacial hvpothesis in its full extent, 
and are familiar with the descent of ice in Alpine valleys where it grinds and 
polishes the hardest rocks and winds like a slow river round projecting clitts, are 
easily conducted to the further thought that such valleys have been excavated by 
such ice-rubbers, and that even great lakes on the course of the rivers have been dug 
out by ancient glaciers which once extended far beyond their actual limits. That 
they did so extend is in several instances well ascertained and proved ; that they did 
in the manner suggested plough out the valleys and lakes is a proposition which 
cannot be accepted until we possess more knowledge than has yet been attained 
regarding the resistance offered by ice to a crushing force, its tensile strength, the 
measure of its resistance to shearing, and other data required for a just estimate of 
the problem. At present it would appear that, under a column of its own substance 
1000 ft. high, ice would not retain its solidity ; if so, it could not propagate a greater 
pressure in any direction. This question of the excavating effect of glaciers is 
distinctly a mechanical problem, requiring a knowledge of certain data ; and till 
these are supplied, calculations and conjectures are equally vain. 

A distinguishing feature of modern geology is the great development of the doc- 
trine that the earth contains in its burial-vaults, in chronological order, forms of 
life characteristic of the several successive periods when stratified rocks were depo- 
sited in the sea. This idea has been so thoroughly worked upon in all countries, 
that we are warranted to believe in something like one universal order of appear- 
ance in time, not only of large groups but even of many genera and species. The 
Trilobitic agfes, the Ammonitic, Megalosaurian, and Palseotherian periods are familiar 
to every geologist. What closed the career of the several races of plants and ani- 
mals on the land and in the sea, is a question easily answered for particular parts of 
the earth’s surface by reference to physical change ; for this is a main cause of the 
presence or absence, and in general of the unequal distribution of life. But what 
brought the succession of diflerent races in something like a constant order, not in 
one tract only, but, one may say, generally in oceanic areas over a large portion of 
the globe ? 

Life unfolds itself, in every living thing, from an obscure, often undistinguishable 
cell germ, iu which resides a potential of both physical and organic change — a 
change which, whether continual or interrupted, gradual or critical, culminates in 
the production of similar germs, caj)able under favourable conditions of assuming 
the energy of life. 

How true to their prototypes are all the forms with which we are familiar, how 
correctly they follow the family pattern for centuries, and even thousands of years, 
is known to all students of ancient art and explorers of ancient catacombs. But 
much more than this is known. Very small diflerences separate the elephant of 
India from the mammoth of Yorkshire, the Waldheimia ot the Australian shore 
from the Terehratula of the Cotswold oolite, the dragonfly of our rivers from the 
Libelhda of the Lias, and even the RhynchmellcB and Lingulco of the modern sea 
from the old species which swarm in the Palaeozoic rocks. 

But concurrently with this apparent perpetuity of similar forms and ways of life, 
another general idea comes into notice. No two plants are more than alike; no two 
men have more than the family resemblance ; the oftspring is not in all respects an 
exact copy of the parent. A general reference to some earlier type, accompanied 
by special diversity in every case descent with modification is recognized in 
the case of every living being. 

Similitude, not identity, is the effect of natural agencies in the continuation of 
life-forms, the small differences from identity being due to limited physical con- 
ditions, in harmony with the general law that organic structures are adapted to the 
exigencies of being. Moreover the structures are adaptable to new conditions ; if 
the conditions change, the structures change also, but not suddenly ; the plant or 
animal may survive in presence of slowly altered circumstances, but must perish 
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under critical inversions. These adaptations, so necessary to the preservation of a 
race, are they restricted within narrow limits? or is it possible that in the course of 
long-enduring time, step by step and pain by grain, one form of life can be 
changed and has been changed to another, and adapted to fulfil quite different 
functions ? Is it thus that the innumerable forms of plants and animals have been 
^ developed ” in the course of ages upon ages from a few original types ? 

This question of development might be safely left to the prudent researches of 
Physiology and Anatomy, were it not the case that Palaeontology furnishes a vast 
range of evidence on the real succession in time of organic structures, which on the 
whole indicate more and more variety and adaptation, and in certain aspects a 
growing advance in the energies of life. Thus at first only invertebrate animals 
appear in the catalogues of the inhabitants of the sea ; then fishes are added, and 
reptiles and the higher vertebrata succeed ; man comes at last, to contemplate and 
in some degree to govern the whole. 

The various hj^pothetical threads by which many good naturalists hoped to 
unite the countless facts of biological change into an harmonious system have 
culminated in Darwinism, which takes for its basis the facts already stated, and 
proposes to explain the analogies of organic structures by reference to a common 
origin, and their differences to small, mostly congenital, modifications "which are 
integrated in particular directions by external physical conditions, involving a 

struggle for existence.’’ Geologv is interested in the question of development, and 
in the particular exposition of it hy the great naturalist whose name it bears, be- 
cause it alone possesses the history of the development w time^ and it is to incon- 
ceivablv long periods of time, and to the accumulated efiect of small but almost 
infinitely numerous changes in certain directions, that the fuU effect of the transfor- 
mations is attributed. 

For us, therefore, at present it is to collect with fidelity the evidence which our 
researches must certainly yield, to trace the relation of forms to time generally and 
physical conditions locally, to determine the life-periods of species, genera, and 
families ii different regions, to consider the cases of temporary interruption and 
occasional recurrence of races, and how far by uniting the results obtained in dif- 
ferent regions the alleged ^‘imperfection of the geological record” can be remedied. 

The share which the British Association has taken in this great work of actually 
reconstihicting the broken forms of ancient life, of repeopling the old land and older 
sea, of mentally reviving, one may almost say, the long-forgotten past, is considerable, 
and might with advantage be increased. \Ve ask, and wisely, from time to time, for 
the combined labour of naturalists and geologists in the preparation of reports on 
particular classes or families of fossil plants and animals, their true structure and 
affinities, and their distribution in geological time and geographical space. Some 
examples of this useful work will, 1 hope, be presented to this Meeting. Thus have 
we obtained the aid of Agassiz and Owen, and have welcomed the labours of Forbes, 
and Morris and Lycett, and Huxley, of Dawkins and Egerton, of Davidson, Duncan, 
and Wright, of Williamson and Camithers and Woodward, and many other emi- 
nent persons, whose valuable results have for the most part appeared in other volumes 
than our own. 

Among these volumes let me in a special manner recall to your attention the price- 
less gift to Geology which is annually oflered bj^ the Palaeontographical Society, a 
gift which might become even richer than it is, if the literary and scientific part of 
our community were’ fortunate enough to know what a perpetual treasure they 
might possess in return for a small annual tribute. The excellent example set and 
the good work recorded in the Memoirs of the Society referred to have not been 
without influence on foreign men of science. We shall soon have such Memoirs 
from France and Italy, Switzerland and Germany, America and Australia ; and I 
trust the effect of such generous rivalry will be to maintain and increase the 
spirit of learned research and of oripnal observation which it is our privilege and 
our du^ to foster, to stimulate, and to combine. 

On aU the matters, indeed, which have now been brought to your thoughts the 
one duty of geolomsts is to collect more and more accurate information j the one 
fault to be avoided is the supposition that our work is in any department complete. 
We should speak modestly oi what has been done ; for we have completed nothing. 
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except the extinction of a crowd of errors, and the discovery of right methods of pro- 
ceeding toward the acquisition of truth. We may speak hopefully of what is to he 
accomplished ; for the right road is before us. We have taken some steps along it ; 
others will go beyond us and stand on higher levels. But it will be long 
before any one can reach the height from which he may be able to survey the 
whole field of research and collect the results of ages of labour, 

primaque ab origine mundi 

Ad sua perpetuum deducere tempora carmen. 


Additional Hemains of Pleistocene Mammals in YorlcsMre, 

By the Eev. J. F. Blake. 

The bones referred to were discovered in the recent working of an old marl-pit 
at Bielbecks near North Clifi*, whence mammalian remains have been previously 
obtained. The first discovery was recorded by the Rev. W. V. Vernon Harcourt in 
the ^ Philosophical Magazine ’ for 18^9. More remains were deposited in the York 
Museum when the excavations were renewed about twenty years later ; and this last 
summer many more have been exhumed. These latter were exhibited. The com- 
plete list of the hitherto discovered bones is as follows : — (1) mentioned by Vernon 
Harcourt j (2) in York Museum j (3) recently found, and now also deposited in York 
Museum. 

Mammoth, 3 teeth, lower jaw (1) (3) ; 3 teeth, upper jaw (3) ; 1 symphysis of lower 
jaw (3); 2 tusk ends, and portions of tusk (3) ; atlas (3) ; axis (2) ; pelvic (2) ; 
cervical vertebra (3) ; head of femur (3) ; broken ditto (1) (epiphyses) ; 2 shafts 
of femur (3) ; 1 distal end of femur (3) ; 1 tibia (?) (3) ; 2 distal ends, ditto 
(3 ) (a pair) ; 2 astragali (3) (2) ; 1 os semiiunare (2) ; 1 cuboid ? (3) j 
1 third metacarpal (3). 

Elephas aniiquus, 1 molar, 1 ditto unused. 

Rhinoceros. 2 teeth and jaw (1) ; 3 tibia (1) (3) ; 1 rib (1 ) ; vert. (2) ; distal end 
of femur (?) (2). 

Bos. 1 occipital bone (1) ; 2 horns (1) ; 2 vertebne (1) ; 1 left radius (1) ; 1 ulna 
(3); 1 distal end of femur (3); 3 iliac bones (3); 1 right tibia (3); 
1 metacarpal (3) ; 1 metatarsal (1) ; 1 astragalus (1); 2 calcanea (1) (3); 
3 phalangeal bones (3), (Some of these may be Bison.) 

Stay. Small portions of horn (1) (3). 

Red Beer. Metacarpal (3). 

Horse. 1 distal end of femur (3) ; metatarsus, phalanges, and hoof in situ (2) \ 
right scapula (2) ; 1 radius and ulna (joined) (2) ) ? vertebrae and (epiphy- 
ses) ; 1 coronary (1) j 1 metacarpal (1). 

Bear. 1 tibia (3). 

Lion? {Felis). Upper jaw with two molars (1); lower jaw, several molars, 6-inch 
long symphysis (1)^ 1 head of femur (1) ; 1 radius (1) ; 3 metacarpals (1) ; 
] rib (1). 

Wolf. Eight lower jaw (2) ; ulna (2) ; radius (2); humerus (2). 

Unknown. Ruminant ? metacarpal ; shaft of long bone j ditto of metacarpals, &c. 
Buck. Ulna (2) ; clavicle (2) ; tibia (2). 

The deposit in which these occur is covered with a bed of flint gravel ; but no 
human weapons have been found in it ; all the associated shells are recent, and 
belong to river or marsh species. The' bones were mostly found in one spot, but 
some of the mammoth at a little distance away. It is noteworthy that no Hippo- 
potamus bones have yet been found. The age is probably later Pleistocene, though 
there is little to indicate it in the fossils ; but it is in all probability postglacial, 
being a tranquil deposit ; and there are glacial beds at nearly the same level in the 
neighbourhood, so that if it had been preglacial it would probably have been carried 
away. 
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On some Evidence of Glacial Action in Tropical India in Paloeozoic (or the 
oldest Mesozoic) times. By W. T. Blanford, F,0,S,, C,M,Z.S. 

The author in the year 18o6, when describing some rocks in Orissa, suggested 
that a very peculiar association of lar^e boulders with fine shales might have been 
due to the transport of the boulders by ground-ice. A similar deposit has been 
traced throughout a very large area in Bengal and the Central Provinces in India, 
and is always characteristic of the base of the Talchir group, the lowest member of 
the great series of plant-bearing rocks, for which tlie name of Oondwaua series has 
recently been suggested. Quite recently Dr. Oldham, the Superintendent of the 
Geological Suryey of India, hfxs found scored and striated blocks in this Talchir 
boulder bed, the surface upon which the bed rests being also polished and 
grooved. 

The theory (of boulders, sand, and clay slipping downwards on low slopes during 
the gradual elevation of land above the sea) put forward by Mr. Mallet to accoimt 
for similar phenomena, and which was considered by General Porllock in 1857 to 
explain the peculiar association of large boulders and fine silt, does not appear 
satisfactory ; for, amongst other difllculties, it leaves the fact of many of the boulders 
having come from a distance entirely unexplained. Mr. Blanford, whilst awai’e 
of the apparent incongruity involved in invoking the aid of ice to explain pheno- 
mena occurring in a tropical country, can suggest no other explanation of the 
facts. 

The exact age of the Talchir is still doubtful ) but there can be but little doubt of 
their being pre-Triassic. 

On Archoediscus Karrcri, a New Type of Carboniferous Foraminifera, 

By Hexky B. Brady, FL./S., F,G.8. 

This paper contained a detailed description of ceilain minute unsymmetrical 
lenticular fossils - 2 V of an inch in diameter and of an inch in thickness, from the 

Main Limestone ” of the Lower CarboniferoiLs Limestone series of Lanarkshire, 
and the Mountain Limestone of Great Orme’s Head, Caernarvonshire. 

They were sho^vn to be Foraminifera closely allied to Nu7)unHUna, and ditfering 
primarily from that genus in bein^ composed of a non -septate tube coiled on itself in 
varying directions, and thickened on the exterior (especially near the centre of the 
disk) by the deposit of shell-substance, instead of the symmetrical, regularly coiled 
spiral Ime of chambers characteristic of the more liighly developed type. The par- 
ticulars entered into concerning the minute structure of the typo would be unin- 
telligible without the figures by which the paper was illustrated *. 

The generic term Archcediscus was proposed for the new type. 


On such of the Industries of Bradford as relate to its Geological Position. 

By John Brigg. 

After briefly pointing out the geological position of Bradford, the author pro- 
ceeded to notice the excellent quality of the building-materials of the district, 
drawing special attention to the rough sandstone rocks which are technically 
termed Grits. The exti’eme durability of this stone was pointed out, also the 
appropriateness of its use for engine-beds, floors of dock-gates, and the base- 
ments of large buildings. Its power of withstanding the injurious effects of 
constant exposure to water was also mentioned. The laminated rocks which 
underlie some parts of the town of Bradford were next dwelt upon, and their suit- 
ability for roofing-slates, flags, and paving-stones, as well as for ordinary building 
stones, was described. 

The New Town Hall, and particularly the Statues of the Kings, which form its 
chief architectural ornament, were instanced as examples of the finest sandstone 
that can be used for public buildings. The author then spoke of the Oalliard or 
Gannister beds in the Grit and Com series, pointing out their position as being the 

* The paper is published in full in the ‘Ann. & Mag. Nat. Hist.’ for October 1873. 
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same, and containing tlie same fossils as the fireclay which is the usual seat of 
the coal. The use of Oalliard for producing the fine sand used in the moulding of 
ircm and brass was explained, as also the process by which the stone is reduced. 

The manufacture of firebricks, sanitary tubes, and domestic pottery from the 
fireclay of the Halifax coal-seam was explained, as also the process by which 
sulphate of iron is made from the pyrites contained in the same seam. The author 
proceeded at some length to describe the position and quality of the irregular 
seams of coal which are found beneath the Rough Rock^ and also pointed out the 
peculiarities of the two seams of coal called the Halifax Hard and Soft beds, 
which are usually classed as the lowest of the true Coal-measures. The line of 
their outcrop was also pointed out. 

The paper also contained a short description of the ancient bloomeries in the 
district, and concluded with a notice of the seams of iron and coal found at 
Bowling and Low Moor. 


On the Discovery of a Species of Starfish in Devonian Beds of South 
Devon, By A. Champernowne. 


The only record hitherto, so far as I know, of the occurrence of Starfish in 
British Devonian rocks, is that given by Mr. Etheridge in his list of Devonian 
Fossils (Q. J. Geol. Soc. vol. xxiii. p. GID), viz. Protaster^ sp., and Palceaster^ sp., 
from the Rilton beds of North Devon ; therefore the discovery of a species in Soutn- 
Devon rocks may not be without interest. 

The locality which yielded the few specimens in question is a small quarry at 
Ingleboume House near Ilarbertonfora (about three miles S.S.W. of Totnes), in 
slates with one or two thin gritty layers, on one of which, forming part of the floor 
of the quarry, were the impressions. 

The dip is about S.E. (20*^ east of south magnetic) at 15°, crossed by cleavage 
at a higher angle towards the south. 

Viewed in connexion with the Harbertonford limestone, and the slate-quarrj^ at 
Roster Bridge, the beds would appear to belong to the Upper South-Devon series. 

In the old quarries at Harbertonford the limestone and shale dip north at 10°, 
the angle heightening to 25° close to the Vicarage ; and in the adjoining cutting 
of the Kingsbridge road, the slates, rising to the south with undulations, are 
apparently below the limestone. This would seem to produce the line of the lime- 
stone to the north of the llarber at Woodcourt, and probably to the north of 
Roster-Bridge slate-quarry (where Spirifers and other fossils are numerous), and 
hence to trough some slates in the neighbourhood of Ingleboume which contain 
the Starfish *. At Roster- Bridge quarry the cleavage is the predominant feature, 
the bedding being at variance with the S.S.E. dip shown on the map north of 
Dolling, half a mile to the west. 

[The impression of the body-plates is unfortunately wanting in the specimens of 
Starfish which were intrusted to my friend Mr. Lee ; but I venture to hope they 
may be described by some more experienced palaeontologist than myself, the object 
of this paper being merely to record the fact of their occurrence, ana to describe the 
locality.] 


A^ote hy Henry Woodward, F,ll,S., on A. Champernowne’s Paper, 

Two Devonian Starfishes have been noted t by Mr. Etheridge, F.R.S., in the 
Devonian of North Devon, which he refers to the genera Protaster, sp., and Palm^ 
aster, sp.. from Middle and Upper Devonian of Pilton f . 

Prof. Ferd. Roemer recordls four genera (namely, Aspidosoma Tischheinianum, 

‘ * I revisited the spot in company with Mr. J. E. Lee and Mr. Paige* Browne, of 
Ingleboume House, and owner of the quarry ; and this was the view taken by the latter, 
who considered the roofing-slates of Roster-Bridge quarry deeper in the series than 
the slates around his house, and the last nearly on tjic horizon of the limestone of 
Harbertonford. Our search for Starfish, however, was fruitless, 
t See ‘Quart. Journ. Geol. Soc.^ 1867, vol. xxiii. pp. 619, 670. 

1 Mr. E. Etheridge informs me that these Starfishes are both of Upper Devonian age, 
and that the reference to Middle Devonian, on p. 670, op, cit, ia a typographical error. 
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Asteria$ axperMHa^ A* spinomdma^ JSelianthaster rhenanm) from tlie Devonian of 
Bnndenbacn bei Birkenfeld 

Prof. Morris informs me he has no knowledge of any other species from these 
beds. 

Fifteen genera and fifty species of Starfishes have been recorded from the Silurian. 
Of these various forms the Melianthaster rhenanm^ Birkenfeld Devonian, and the 
Lepidaster Grayi, from the Wenlock Limestone, Dudley, offer the nearest analogy 
with the fossil Starfish found by Mr. Champernowne in South Devon, All three 
forms belong to the family of the Solasterioij or many- rayed sun stars. 

Bearing in mind that tne Asteriadae were preceded in point of time, as also in 
point of development by the Crinoidea, the discovery of so many additional forms 
of Pala302oic Starfishes, shows us how far we are from the beginning of this 
group in time. 

Only lately Dr. Henry Hicks, F.G.S., has discovered a new Crinoidin the Lower 
Cambrian Docks of St. David’s, carrying back the class to an extremely distant 
point in palseozoic time. 


On the Geology of part of Craven. By J. R. Dakyns, M.A. 

The tjrpe of millstone-grit prevalent in Derbyshire undergoes considerable 
changes north of Bradfield; the second grit becomes merely a basement-bed to 
the Kough Hock ; the third grit loses its massive character ; and other beds of 
sandstone begin to show themselves in the shales overlying the Kinder-ScouV 
gi*it. 

In the valleys of the Colne and Calder there are four separate sandstones be- 
tween the Rough Rock and the Kiiider-Scout grit. 

In the basin of the Aire the series consists in descending order: — first, of the 
.Rough Rock, which maintains its usual marked character throughout ; secondly, 
of a very variable basement-bed to the la.st, consisting, when well developed, of 
valuable flagstones. These are extensively quarried at Xab, above Oxenhope Moor, 
and also in an outlier at the Penistoiie quarries near Haworth. Below this bed 
comes a series of variable sandstones and shales. There may be in places as many 
tis fifteen or sixteen distinct sandstones between the basement of the Rough Rock 
and the Kinder-Scout grit. 

But this set of beds may conveniently be divided into two by means of a conspi- 
cuous mt, which is continuous with the third grit of Lancashire. This grit forms 
the bold escarpment of Hallan hill and Earl crag. We may conveniently speak 
of it as the middle grit. It generally has three grits between it and the base of 
the Rough Rock j and these four beds are presumaoly the four grits of the Colder 
and Colne valleys. 

The general run of the rocks in the basin of the Aire is as follows : — The Rough 
Rock runs in a nearly unbroken manner from the latitude of Penistone, and enters 
the basin of the Aire above Oxenhope Moor : its basement flags form the Nab 
escarpment. A large fault, crossing Thornton Moor in W.N.W. direction, throws 
down the Coal-measures of Denholme on the north, from beneath which the 
Rough Rock rises to form Black and Brow moors. Another W.N.W. fault throws 
the beds up again near Cullingworth, so that Harden Moor, between Bingley and 
Keighley, consists of an outlier of Roi^h Rock, while various members of the 
third gnt series form the flanks of the hill. West of the river Worth a dip slope 
of Rough Rock forms Keighley Moor ; but at Exley Head another W.N.W. famt 
throws up the beds to the nojrih, so that an outlier of Rough Rock forms the hill 
on which is situated Keighley Tam. Going N.W. from the tam one passes suc- 
cessively over the various members of the third grit series. The middle grit, 
clearly marked by its massive character, runs down to the valley south of Hawk- 
cliff cottage ; it ascends on the north side of the Aire, somewhat broken by faults, 
and forrasBrunthwaite'and White crags, and the escarpment of Addingham Moor. 
It is this rock which forms the Brimham rocks near Pateley Bridge. Below the 


* Pal«ontographica, Bd. ix, (1862-64) pp. 143-162, pis. 23-29. 
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middle there is no conspicuous rock south of the Aire j hut north of that river 
several oeds of sandstone appear, one of which becomes important further north 
as the hard siliceous homestone grit with gannister, which forms the top of 
Great Whernside. The Kinder-Scout grit is brought in south of the Aire by a 
W.N.W. fault containing galena. North of the Aire it rises up regularly from 
beneath the overlying beds at Kildwick. Near Cononley the beds are repeated 
by a N.E. fault throwing down on the N.W. The Kinder>Scout grit is imme- 
diate^ underlain by a variable set of sandstones with shale partings, usually called 
Yoredale grit. Below these are found, at Skipton, shales and limestones. The 
strike of the beds hitherto described is N.E, and S. W. j but about the latitude of 
Skipton the strike changes to E. and W., with a dip of 20° to the south along 
Skipton Moor. The whole country, in fact, between the latitudes of Skipton and 
Grassin^tou has been much disturbed and thrown into a series’ of east and west 
rolls. Thus a strong anticlinal ranges up the Skibeden valley from Skipton to 
Bolton Abbey. A mass of mountain-limestone, forming Haw Park, is thus brought 
up in the Skibeden valley between two ranges of millstone-grit hills, viz. the 
Skipton Moor and Embsay Moor. The mountain-limestone here is a dark thin- 
bedded limestone. It is much quarried for road material at Haw Bank and at 
Thornton. Tlie beds are much contorted along the south side of Skibeden. Two 
limestones are seen on the north side above the mountain-limestone. On the south 
side of the vSkibedeii aiiliclinal the Kinder-Scout grit strikes E. and W. along Skip- 
ton and Braughton moors, and descends to the Wliarfe north of Addingham. The 
southerly dip carries it up the slope of Jjangbar Moor, its base running below 
Beauisley Beacon ; it then plunges down northward to Kex beck, where the beds 
bend up again and rise northward to Hazlewood Moor and Bolton Park : here the 
beds bend over northward and recross the Wharfe below Laund House. South of 
this, as far as Bolton Abbey, limestones and sliales of the Yoredale series are seen 
along the river. These beds are cut oti* opposite Bolton Abbey by a N.E. fault 
bringing in the upper beds. The Yoredale grits run along the slopes of Skipton 
Moor to Fairfield Hall, and east of the Wharfe are found about Beamsley and 
Storriths. They have not been everywhere identified north of Skibeden. A set 
of bold crags marks the escarpment "of the Kinder-Scout grit along Hal ton and 
Embsay moors, Itilstone, Burnsall, and Thorpe fells. Beneath the western escai’p- 
ment of the Kinder-Scout grit the Yoredale grit is found, forming at intervals 
promontories on the side of the fell. It has not been traced further east than the 
northern extremity of Burnsall Fell. The Kinder-Scout grits lie in the shape of 
a synclinal trough dipping east, and thus occupy the whole extent of Burnsall Fell 
and Barden and Embsay moors. On the east of the Wharfe these grits rise up in 
a sort of broken dome, with a quaquaversal dip to form the summit of Barden Fell 
marked by the crags of Simon’s Seat, near which some pot-holes indicate the pre- 
sence of limestone at no great depth. In Ilowgill and in Fell Plantation the oed^ 
are dipping steeply to the N.W. into the valley ; but north of Skyreholme beck 
they dip steeply to the S.E., underlain by shales, from beneath which massive 
white scar limestone rises regularly with a similar strike, as far as the Ordnance 
Station, 1350 feet above sea-level, where the beds are cut off by the Craven fault. 
The position of this fault is also shown by the abrupt termination of Fancarl crags, 
and by disturbance of beds at Thruskell Well, Hebden, and by disturbed beds on 
the banks of Wharfe near Lyth House ; thence the fault runs by Skirethoms to 
the cliffs which mark the line of the fault from Malham to Settle. East of the 
river Bibb we have north of the Craven fault massive white limestone dipping 
north at 19°, closely overlain by the grits of Grimwith Fell, the upper part of the 
limestone containing a band of mixed shales, limestones, and calcareous sandstones, 
^tween the Bibl) and Grassington the millstone-grits seem to be separated from 
the limestone by a great thickness of shales, with but poor limestone bands. At 
Grassington the limestones swell out ; and, with the exception of a band of hard 
sandstones (the Dirt-Pot grits), there is solid limestone from the mts of Gras- 
gington Moor to the Wharfe. Northwards the limestone gradually breaks up, and 
finaUy takes on the Yoredale type. 
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Observation on the Bate at which Stalagmite is being accumulated in the 
Inglehorough Cave*, By W. Boyd Dawkins, M,A,y F,B.S., F,G,S, 

The only attempt to measure with accuracy the rate of the accumulation of 
stalagmite in caverns in this country, is that made by Mr. James FaiTer in the 
Ingl^orough Cave^ in the years 1889 and 1845, and published by Professor 
Phillips in ‘ The Rivers, Mountains, and Sea Coast of Yorkshire ^ (second edition, 
1855, pp. 34, 35). The stalagmite, called the Jockey Cap,” rises from a crystal- 
line pavement to a height of about 2| feet, and is the result of the deposit of 
carbonate of lime. 

For the sake of ensuring accuracy, three holes were bored at the base of the 
stalagmite, and three gauges of brass wire (gilt) inserted, to mark the points where 
the measurements were taken. 

The following is an abstract of the Table of measurements : — 



March] 3, 
1873. 

1839. 

Oct. 30, 
1845. 

Increase 
since * 
1845. 

Rate of in- 
crease per 
annum. 


in. 

in. 

in. 

in. 

in. 

Roof to apex of Jockey Cap 

Roof to tip of stalactite 

Stalactite to apex of Jockey Cap 

87 


95-25 

10 

85-25 

8-25 

1 

•2946 


The only possible ground of en'or is the erosion of the general surface of the 
solid limestone, of which the roof is composed, by carbonic acid, since the year 
1845 ; and this is so small as to be practically inappreciable. There is therefore 
evidence that the Jockey Cap ” is growing at the rate of *2940 of an inch per 
annum, and that, if the present rate of growth be continued, it will finally arrive at 
the roof in about 295 years. This comparatively short lapse of time will probably 
be diminished by the growth of a pendent stalactite above, that is now being 
formed in place of that which measured 10 inches in 1845, and has since l^en 
accidentally destroyed. It is very possible that the “ Jockey Cap ” may be the 
result, not of the continuous, but ot the intermittent drip of water containing a 
variable quantity of carbonate of lime, and, therefore, that the present rate of growth 
is not a measure of itspast or future condition. All the stalagmites and stalactites 
in the Inglehorough Cave, at this rate, may not be older than the time of Edward 
nr. From this it follows that the thickness of layem of stalagmite cannot be used 
as an argument in support of the remote age of the strata which they cover in the 
caverns, such as Kent’s Hole and Bruniquel. At the rate of a quarter of an inch 
per annum, 20 feet of stalagmite might be formed in 1000 years. 


Note on the Stump-Cross Caverns at Greenhow near Pately Bridge. 

By J. W. Ellis. 

These caverns were discovered in 1860 by miners who were searching for lead, 
and who cut into them at a depth of 9 fathoms from the surface. The paper gave 
a description of the caverns, which are chiefly remarkable for the great beauty of 
the stalactites which they contain. 

The Bovrnd Boulder Hills of Craven, By W. Gomersall. 

The author described some hills of Boulder-clay which lie between the rivers 
Aire and Ribble ; their elevation, above the base on which they stand, varies 
from 100 to 300 feet. The highest hills are to the north and west of the group, 
whilst they gradually diminish in size to the south and east. The author supposed 
the Boulder-clay to have been brought by icebergs, and deposited in what was then 
a bay of the sea. 


* See Proc. of Manchester Bit. and Phil. Soc. Feb. 1873. 
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On the Probability of finding Coal in the Eastern Counties » 

By the Rev. John Gunn. 

This paper was supplementary to one read at the Brighton Meeting upon the 
same subject, in which the author dwelt principally on the evidence of repeated 
successive elevations and depressions in the Anglo-Belgian basin since the Car- 
boniferous epoch ; and he thence infenred that similar depressions may be ex- 
pected to have occuiTed during it, when the coal may have been deposited in 
troughs and hollows, and have escaped subsequent denudations. The author dwelt 
upon the westerly upheaval of the beds which has brought the whole of the 
Cretaceous rocks to the surface and has exposed the Kimmerid^e clay near Lynn 
and Hunstanton; he therefore thought that the Coal-measures, if present at all, of 
which he felt very sanguine, would be reached at a less depth there than else- 
where. 

The author would not propose to press the boring in the west of Norfolk in 
preference to that proposed by Mr. Godwin-Austen in the south of Essex ; but 
when the latter is completed, ho will have no doubt of raising the necessary 
funds if the site which he proposes be approved by geologists. 


On the Occarretice of Faults in the Permian Ilochs of the lower portion of the 
Vale of the Eden, Cumberland. By Professor Harkness, F,G,S, 

The Permian rocks occupying the vale of the Eden have their southern limit 
at Kirkby Stephen in Westmoreland ; thence they extend, over the more level 
country through which the river flows, to near Carlisle. 

The strike of these Permian rocks from Kirkby Stephen to near Armathwaite is 
nearly N.N.W. and S.S.E. Th^ consist of : — first and lowest, light red-coloured 
sandstones very false-bedded (Penrith sandstones) ; second, red clays having 
gvpsuni frequently associated with them — and in one instance, near Hilton in 
Westmoreland, light drab shales with piant-reinains (marl slate), and a limestone 
at their base ; the third member of the series is composed of fine-grained dark 
red sandstones, very regularly bedded with red clays intercalated in them. 

Had these Permian rocks followed their ordinary strike along the whole of 
the vale of the Eden, the gypsiferous red clays would have crossed the river a 
short distance above Armathwaite ilridge. They do not,Jiowever, occur in the 
bed of the river near this spot, although rocks are here abundantly exposed — 
the last spot where they have been recognized with their ordinary strike being 
at Cross House near R-uckcroft, about three miles south of Armathwaite. 

The area where they might have been expected to occur in the neighbour- 
hood of Armathwaite, is occupied by the underlying Penrith sandstones ; and these 
spread themselves eastwaixis into the parish of Ainstable, into a district in which 
the Upper Permian rocks (the Corby sandstones) would have been seen had the 
range of these rocks been such as is exhibited in the vale of the Eden south of 
Armathwaite. 

The great development of the Penrith sandstones at Armathwaite and Ain- 
stable, and the absence here of the gypsiferous clays and overlying Corby sand- 
stones, the author regards as resulting from a fault having a nearly S.W. andN.E, 
course, with an upthrow on the N.W. side. 

Still further down the Eden there are seen, in consequence of a cutting re- 
cently made at Eden Brows on the Carlisle and Settle Railway, exposing the rocks, 
strata of purplish white sandstones having interbedded grey shales. These sand- 
stones and shales appertain to the Carboniferous formation ; and their occurrence 
here appears to result from another fault, which has also an upthrow on the N.W. 
side. The position of these sandstones and shales in the Carboniferous series can- 
not be well made out at Eden Brows. There are, however, exposures of Carboni- 
ferous rocks (which seem to result from the influence of the same fault) a few miles 
t# the west ; and these Carboniferous rocks belong to the lower portion of the group. 

Immediately north of Eden Brows the Permian rocks are again seen. As they 
occur on the east side of the river, in Plshgard Wood, they consist of the higher 
1873. 6 
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xnembers (the Corby sandstones) ; and on the west side of the Eden the gypsiferous 
red days have been extensively worked. Another fault gives rise to the presence 
of these stratju which have a strike nearly E. and W. This latter fault, having a 
diHec^on nearly parallel to the stiike of the strata, can be well seen in Shalk beck 
neaar Ourthwaite Station, on the Maryport and Carlisle Hallway, where it exhibits 
a dovmthrow on the north side. 


On Aftnlg and Llanddh Bocks of St David^s, By Henbt Hicks, F.G»S. 

The author mentioned that the object intended in the paper was to follow out 
the succession of the rocks in the neighbourhood of St. David’s, commenced in pre- 
vious papers communicated at various times to the British Association. By the 
present paper the section was completed to the top of the lilandeilo series. 

The aumor divided the Arenig group into an upper and lower series, and the 
Llandeilo group also in the same mamier, believing that in each case there was 
sufficient evidence to enable him to do so. 

The Lower Arenig Seru^s^ it was stated, occur as black slates and flags, about 
1000 feet in thickness, and exposed at the north end of Ilamsey Island and at 
Whitesand Bay, resting conformably in the former place on Tremadoc rocks, but 
separated from them in the latter by a fault. They are characterized by a large 
number of species of dendroid Graptoiites, as weU as by numerous species of trilo- 
bites entirely restricted to the series. 

The Tipper Arenig Series occur as fine-grained, soft, black shales, also about 1000 
feet in thickness. They are found at the south end of Bamsey Island and at White- 
sand Bay, where they rest conformably on the Low’er Arenig series, and again on 
the north coast of Pembrokeshire, where they support the Lower Llandeilo rocks 
of Aberiddy Bay. The Graptoiites of this series are totally distinct from those 
found in the lower beds, os ai’e also all the other fossils. Didymograptus hijidm^ 
geminuBj and qffinis are characteristic of this zone. 

The Lower Llandeilo Series, the lowest rocks recognized by Sir R. Murchison in 
the tyjdcal Llandeilo district, and hence called by him Lower Llandeilo, occur at 
St. David’s as black slates and hard grey flaggy sandstones with siliceous schist and 
beds of felspathic ash at the lower part, and as daik slates and fla^s, with nume- 
rous calcareous bands in the upper. They are about 1500 feet in thickness, and are 
chiefly found on the south coast of Aberiddy Bay, resting conformably on the upper 
Arenig rocks. The nipst characteristic fossils of these beds are JJidymograptue 
Murchisoni, Ihplograptus pnstis, Asa2)hm tyrannm, Calymene cambre^ms, and Ill<mui 
perovedie. 

The TJ^er Llandeilo Series occur as black slates and flags several thousand 
feet in thickness, forming several folds of strata in a direction north of Aberiddy 
Bay, at which place they rest conformably on the Lower Llandeilo series. The ty- 
pical fossils are Ogygia Buchii, Barranaia Cordayi, Calymene duplicata, Cheu'urm 
Sedgwickii, Trinncl^ fimbriatus, Ampyx nudus, and Lingula Lamsayi, 

The author doubtea whether any other spot hitherto examined in Britain could 
show so continuous a section of these rocks ; still he believed that there was ample 
evidence to prove, from researches made in other parts of Wales and Shropshire, 
that the succession here made out was in most of its important details capable of 
being applied to many other districts. 


On mm Graptoiites from the Upper Arenig Bocks ofBamsey Island, St, David^s. 

By JoHK Hopkikson, F.G,S,, F,B,M,S, 

At the Meeting of the British Association at Bnghton last year the author had 
announced the discovery of a considerable number of Graptoiites in the Arenig 
rocks of Bamsey Island and Whitesand Bay, near St. David’s, and had shown that 
these rocks were more nearly allied by their Graptoiites to the Quebec rocks of 
Canada than to their British representatives, the Skiadaw slates of Cumberland and 
the Arenig rocks of Shelve. 

Since men a new series of foesiliferous beds had been discovered on Bamsey 
Islaiidi and the Graptoiites collected in them had been intrusted to the author for 
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determination. Owing to their fragmentaiy condition the following species only 
could be determined*: — 


Didymograptus afiinis, NicK 

bifidus, Hall, 

geminiis, His, sp. 

patuliiSj IlalL 


Diplograptus dentatiis, Br'ong, sp. 
(=1). pristiniformis, HaW)* 

mucronatus, Hall, 

Climacograptus scalaris, Linn, sp. 


The evidence afforded by these species was considered to be decidedljr in favour 
of the view that these new Kamsey-Island beds were of Upper Arenig age, and 
therefore higher than those previously known. 

Comparing- the Graptolites of the Sldddaw slates of Cumberland and the Arenig 
rodks of Shelve with those of the Lower and Upper Arenig rocks of Eanisey Island, 
there appeared upon the whole to be a parallel succession of species ill the Shelve 
and llamsey -Island rocks ; while the Skiddaw scries seemed to be more nearly re- 
lated to the upper than to the lower Eamsey-Island beds ; and it was inferred that 
the Skiddaw ^ates, which have hitherto been considered our oldest graptolite- 
bearing rocks, are of more recent age than the lowest graptolitiferous rocks of St. 
1 >avid s. 


On the Occurrence of numerous Species of Graptolites in the Ludlow liocJcs 
of Bhroptshire, Ihj John Hopkinson, F.G,S., F.1LM,S. 

Until recently only two species of Giaptolites, Monograpius ( Grajjtolithus) jyriodoH 
and 3f. colonusj wore belie* ved to occur in the Ludlow rocks of Shropshire. In 1868 
Dr. Nicholson added to these a new species of PtilograptnSj and mentioned the pre» 
sence of an additional species of Monograpttis. These liad been collected by mr. 
Lightbody of Ludlow, who had also found a few other species in these rocks. 

In the course of an excursion of the Geologists’ Association to the Silurian rocks 
of Shropshire in July 1872, and during a subsequent visit which the author had 
paid to Ludlow and its neighbourhood, several other species had been found, and 
some information on the distribution of the species had ueen elicited. 

While, however, the number of species known to occur in the Ludlow rocks has 
been greatly augmented by these researches, one or two forms, hitherto supposed 
to be characteristic of one or the other division of these rocks, had not been found in 
them. Not a single specimen of Monograpius priodon had been seen in the Ludlow 
rocks, all that were found being from the Wenlock shale j and not a single Grap-* 
tolite had been detected in the Upper Ludlow rocks, although two species, M, ca- 
hnnsandi M. priodon^ had been stated to be of common occurrence in both the Lower 
and Upper Ludlow. The Graptolites, with the exception of a species or two of the 
Dendroidea, appeared to have died out for ever in the Aymestry limestone, in 
which a few indeterminable fragments only have been found. 

The following species had been determined : — 


Hhahdophora, 


Monograptus boheniicus, Barr, 

• capula, sp. nov. 

chimnera, Barr. 

clavicula, sp. nov. 

Colonus, Barr. 


Monograptus incurviis, sp. noy. 

leintwardensis, sp. nov. 

Nilssoni, Barr. 

Salweyi, sp. nov. 

seiTa, sp. nov. 


Ptilograptus anglicus, Kicli. 
elegans, sp. nov. 


Dendroidea. 

Ptilograptus {vel Dendrograp- 
tus) Nicholsoni, sp. nov. 


These species were found to be restricted in their range in time, and to chai’RC- 
terize the same zones at distances wide apert. Some progress had been made to- 
wards working out this interesting question ; but a more lengthened investigation 
of the Lower Ludlow rocks in the Ludlow area was considered to be necessary 
before any definite conclusion could be arrived at. 
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On the Occurrence in the Yoredale Bocks of Wensleydale of Fish and Am» 
phibian Bemains. By W. Horne. 

The reinmns occurred in thin limestones above and contiguous to the main lime- 
stone. Among the fossils were teeth of Cladodus and PleurodtiSj and bones of the 
limbs of a Labjrinthodont Amphibian. 


On the British Palceozolc Armdce, By J. Logan Lobley, F.0,S. 

In this paper the results of an examination of the described species of Lamelli- 
branchiata attributed to the family Arcadm, and occurring in British Palmozpic 
rocks, were given. 

After proposinff that the sinupallial genera which have hitherto been included 
in Arcadm snoula be removed from that family and constitute a separate group, 
the author discussed the claims of the various generic distinctions which authors 
had sought to establish, and thought the following genera might be admitted as 
having representatives in the Palmozoic strata of the British Islands : — Area (L.), 
CucuUcea (Lam.), Macrodon (Lycett), Nucula (Lam.), Ctenodonta (Salter), 
euUeUa (M®Co^), Glyptarca (Hicks), PaUrarca (Hall.) — the species of Arcadm which 
had been assigned by various authors to Byssoarca, Cleiaophoras^ Cypricarditis, 
Cyrtodonta^ Megamhoniaj Pullastraj TcUitmnyay Vanttvemia, See. being given to one 
or other of the before-mentioned genera. 

The following summary gives the number of species admitted in each genus, with 
its stratigraphical range m the Palaeozoic rocks : — 


Arcay 9 species 

CucutUsay 10 species .... 

Macrodony 1 species .... 

Nuculay 1 species 

Ctenodontay 41 species. . , . 


CuculleUay 4 species 

Glyptarcay 2 species .... 
P^arcOy 14 species . . . . 


Ludlow, Carboniferous Idmostonc. 

Middle Devonian, Upper Devonian, Carboniferous 
Limestone. 

Pennian. 

Permian. 

Tremadoc, Llandeilo, Cavadoc, Lower Llandovery, 
Upper Llandovery, Wonlock, Ludlow, liowcr De- 
vonian, Middle Devonian, Upper Devonian, Car- 
boniferous Limestone, Coal-measures. 

Caradoc, Upper Llandovery, Ludlow. 

Tremadoc. 

Tremadoc, Llandeilo, Caradoc, Upper Llandovery, 
Imdlow. 


Total 82 species, having the following distribution : — Tremadoc, 0 ; Llandeilo, 3 ; 
Caradoc, 17; Lower Llandovery, 2; Upper Llandovery, 11; Wenlock, 2; Lud- 
low, 7; Lower Devonian, 1; Middle Devonian, 2; Upper Devonian, 11; Carbo- 
niferous Limestone, 29 ; Coal-measures, 2 ; Permian, 2. 


On a Horn and Bones found in a Cattinq in a Street in Maidenheady Berks, 
By T. Moffat, M.D.y F,G.S. 

The horn and bones were found imbedded in flint gravel about six feet from the 
Burface. They appeared to be much mineralized. There are cuts upon the horn, 
apparpntly made when it was fresh and for the purpose of separating it from the 
skull. The cuts seem to have been made with an edged metallic tool. 


On Geological Systems and Endemic Diseases, By T. Moffat, M.D.y F.O,S, 

The author stated that the results given in this confirmed what he had stated 
in his former papers, viz. that goitre and anaemia are endemic on the Carboniferous 
system, while they are absent on Cheshire or New Red Sandstone. lie wished it 
to be understood, however, that the observations were made only in the district in 
which he resided. 
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Eefening to a suggestion made by Mr. Lebour, of the Geolorfcal Survey, in a 
paper “On the Geological distribution of goitre in England and Wales,*’ that the 
cause of goitre “is the metallic impurities in the water,” and a statement “that it 
prevailed most where ferruginous water occurred,” the author states that iron 
medicinally administered produces beneficial eftects, but when ferruginous water is 
taken daily it produces a low state of health, and in that way might predispose to 
the formation of goitre ; but such water would not cause anaemia. He observes 
that it is very doubtful, however, if water containing iron is ever used as a potable 
water or for culinary purposes, one grain per gallon rendering it unfit for making 
an infusion of tea. 

In the neighbourhood in which he lives such water is avoided. In the per- 
formance of his duties as Medical Officer of Health, he had chemically examined 
ten public wells in his district ; and he did not detect a trace of iron in one of them, 
from which he concludes that goitre, which is very prevalent in the locality, can- 
not be caused by ferruginous water. 

As anaemia is a state of the system in which oxide of iron is deficient in the 
blood, and as goitre appears at a time of life and under conditions of the system 
when a maximum quantity of nutritious food is required, he concludes that where 
there is a deficiency of iron and phosphates, or nutritive salts in the food, these 
forms of disease will prevail. 

By chemical analysis he has shown that iron and the phosphates are deficient in 
wheat grown upon the Carboniferous system compared with that grown upon the 
New Red Sandstone. Soils, he observes, are formed by the disintegration of the rocks 
or formations upon which they lie, and consequently they consist of the same in- 
gredients. The colouring-matter of the Cheshire sandstone is oxide of iron ; and 
the soil upon it is thoroughly impregnated with that oxide. The Carboniferous 
system is not impregnated with it ; oxide of iron is not so thoroughly diffused 
throughout this system as it is in the New Red Sandstone ; so, compared with 
the latter, there is a deficiency of iron in the soil upon the former. 

To the above rule he states there are, however, exceptions, as soils do not 
always consist of the disintegrated rocks upon which they rest. In a district with 
which he is well acquainted the geological formation is Millstone -grit, yet the soil 
upon it is as highly coloured with oxide of iron as that upon New Red Sandstone 
at no great distance from it. In this district goitre and anaemia are unknown. 
He concludes that goitre and anaemia do not occur in a district having a soil con- 
taining a maximum quantity of oxide of iron and phosphates, no matter what the 
system is upon which it rests. 

On the Ammonitic Spiral in reference io ilie power of Flotation aitrihuted to 

the Animal, By John Phillips, M.A,, F.B.S., B.C.L, OA'on,, LL,D* 

Camhr, and Buhlin^ Professor of Geology, Oaford, 

The author, while considering the subject in connexion with the recent Kautilm 
pompilim and Spirula and with many fossil genera, found a deficiency of data as 
to the proportion of the supposed air-chambers to the whole volume of the shell 
and the part of it occupied in life by the animal. To obtain such data he examined 
the spiral structure by means of principal sections on the plane of volution, and 
found that, omitting the earliest small volutions, the growth of the ammonite shell 
was in many species uniform, so that the proportion or the last chamber to the sum 
of all the preceding ones was nearly uniform ; but among different species the 
character of the spiral differed. In one group the breadths of the volutions measured 
on a radius vector increased in geometrical proportion ; in another the increase was 
in arithmetical proportion ; between these two forms all ammonitic spirals appeared 
to be contained. The author then showed how, in the former group, the power of 
flotation, if it existed, would be uniform through life, but in the latter continually 
increasing. In order to see the exact bearing of this on the question of flotation, it 
would be necessary to determine some other points as to the thickness of shell and 
number of septa. 

With respect to the further function attributed to these animals, that of 
rising and falling at pleasure in the eca, the author showed, by measuring the 
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siplluncle, that sucb. a power of adapting the specific gravity of the shell must 
have been very limited j and lie was disposed, on the whole, to believe that the 
old Oephalopods, in rising and falling, trusted more to their strong arms than to 
the filling and emptying of the pipe which connected the chambers. The subject 
is under investigation. 

Qn fhe Ammonitic Septa in relation to Geological Time. By John Phillips, 

M.A., F.R.S., D.G.L. O.von.y LL.D. Cambridge and Dublin, Professor of 

Geology, Oxford. 

The author, viewing the Ammonitidfe as n family extending in time from the 
Devonian to the Cretaceous period, proposed to examine into the genealogy of the 
proper g-enus called Ammonites. He showed that from a supposed ancestral origin 
in (xoniatites, two lines of real or imaginary descent might be traced — one through 
Ceratites of the Muschelkalk to the Cassianic ammonites, another through the 
Arietes and other species of Lower Lias to the Upper Oolite and Cretaceous groups. 
In neither case is the genealogy proved between the Carboniferous and later 
families; but in each case the change of septal outline (or suture ”) is from simple 
undulations to very complicated foliations. Such change, then, is only indicative of 
successive time as it is characteristic of successive physiological change. Instead of 
one development from Goniatites,Wic most convenient form of hypothesis, at present, 
would be to assume separate systems of development, each limited in time to 
diflPerent periods, but following the same course of physiological change. The 
same order of change occurs in the embrj'onic, yoimg, and old shell of each species. 
(The author hopes to make a further communication.) 


The Loess of Korihem China, and its Belation to the Salt-basins of Central 
Asia. By Baiion yon IIichthopen, Ph.D. {Berlin), 

Northern China is covered with a yellow earth which resembles the Loess of 
the valley of the Rhine in all essential properties. It is fine-grained and fusible, 
yet so solid as to form vertical cliffs and bluff's several hundred feet high, and dis- 
tinguished by the complete absence of planes of stratification as well as a marked 
tendency to vertical cleavage. It resembles loam in composition (its chief ingre- 
dients being an argillaceous and ferruginous basis which contains very fine sand 
and carbonate of lime in varying proportions), but differs from that earth by 
possessing a highly porous and tubular structure. The tube.s, which are very thin 
and usuaUy incnisted with a fine calcareous film, occupy in general a vertical posi- 
.tion, and ramify like the roots of grass. They cause the Loess to absorb water 
like a sponge, and prevent the existence of any lakes on its surface, or the issuing 
of springs from the body of the formation, although these are copious where the 
earth rests on rocks or stratified soil. The Loess encloses hones of land-animals 
and an abundance of well-preserved shells of terrestrial mollusca, but no marine 
or freshwater fossils. Calcareous concretions are always disseminated through it, 
and mostly arranged in well-defined layers, in which, as a rule, the longer axis of 
oach nodme occupies a vertical position. 

The Loess is peculiar to Northern China, no trace of it occurring in the southern 
provinces; it is observable on the side of Mongolia and Central Asia, just to the 
limit of the headwaters of those rivers which flow towards the sea, covering 
altogether an area of about 240,000 square miles. Within this area it spreads 
alike over low and high ground, from the level of the sea to altitudes of 8000 feet, 
its thickness varying from very little to upwards of J 500 feet. It smooths off the 
irregularities of the surface, and, by connecting with each other the crests of 
distant mountain-ranges, creates between them Itirge trough-like basins with gently 
indeed slopes, the bottom of each of which is made up of stnitifled earth which 
‘btjerwise resembles Loess in appearance and is strongly impregnated with 
.alfe|iline salH The sides of each basin are furrowed by innumerable and infinitely 
iftoified gullies, which frequently- attain the depth of 1600 feet. With the exception 
of the great alluvial plain adjoining the lower Hwangho, human habitations and 
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agriculture are confineci in Northern China to the Loess, millions of people Imng 
in caves dug in that earth. 

As regards the mode of origin of the Loess of China, it can neither be a fresh- 
water deposit, which Piimpelly supposed it to be, nor a marine formation, which 
Kingsmill attempted to make it — ^not so much on account of the absence from it of 
either freshwater or marine fossils and the want of stratification, as because lacus- 
trine strata could not possibly be deposited on the crests of the highest moimtam*^ 
ranges and the most elevated portions of plateaux, while the theory of a marine 
origin would force us to presuppose Eastern Asia to have been submerged 
at least 8000 feet beneath the present sea-level in very recent time, an assumption 
against which there exists a great deal of direct evidence. The author next, 
attempted to prove that the Loess is a subaerial deposit, and drew attention to 
the close similarity in the character of the surface between the Loess-basins of 
Northern China and the salt-basins of the steppes of Central Asia. From Pamir 
and the Karakorom to the headwaters of the large rivers flowing towards the seas 
which surround Asia on the north-east and south-east, a vast extent of country 
(exhibiting differences of altitude as great as any which occur in Europe^ is made 
up of numerous basins without outward drainage, the surface of each of which slopes 
gently down from the crests or declivities of the surrounding mountain-ranges 
towards the lowest portion, which is filled with a salt lake or marsh. Each basin 
exhibits now the surface of an accumulation of debris, which smooths off the 
inequalities of the rocks below, but is unknown equally as to composition, 
structure, and thickness, because no portion below the smooth surface is exposed 
to view. Everywhere the soil is impregnated with salts, and therefore allows only 
of the growth of a steppe vegetation. Neither the salt lakes nor the steppe 
deposits have originated (as has been suggested) in the former submergence of the 
whole area beneath the sea, but are of subaerial origin. The products of decom-» 
position of the mountain-ranges which constitute the skeleton of Central Asia, not 
ibeing able to make their way to the sea, are deposited in the adjoining basins, 
partly by rain-water, which washes them off the rocks and distributes them equally 
over the gentle slopes, and partly by winds which carry large amounts of them 
away and, in the present time, frequently obscure for many days the atmospheie 
by the ingredients they carry in suspension, depositing them finally as fine dust 
over the siirfiice. The substances which are thus mechanically distributed over 
the soil by either agency are retained there by the vegetation, and cause, in ^he 
course of centuries, the gradual raising of the surface ; while the soluble products of 
decomposition are mainly collected in the central pool, where the evaporation of 
the water causes the gradual concentration of the solution ; and at the same time 
stratified soil, similar in composition to the soil of the steppes, is deposited. If now 
in any one basin the rains, in consequence of slight climatal changes, cause a 
greater increase in the quantity of water than is lost by evaporation, the basin will 
gradually be filled and tlio water finally seek an outlet at the lowest place of the 
margin. With the gradual deepening of the channel the basin will be ^ined, and 
the affluents converging towards its lowest portion will cut deep gullies into the 
soil of the previous steppe, thus exposing its nature, and at the same time carryii^ 
off the salts with which it was impregnated. 

A short sketch was then given of the evidence collected to show that the Loess- 
hasins of Northern China have formerly been basins without outward^drainage, and 
were provided, each of them, with a salt lake in its lowest portion, that they weie 
gradually drained, one by one, towards the sea, and that this process, con^eqnsnt 
on slow climatal changes, is still going on along the eastern limit of the salt-lake 
plateaux. In the Loess of Northern China is therefore exhibited the nature of iKe 
siibaerial deposits which fill the salt basins of Central Asia ; but, the salts being 
extracted from it, it yields all the conditions required for agriculture and the axist^ 
ence of civilized man. 

Baron von Eichthofen finally wished it to be distinctly understood as his pninion 
that Loess may have originated in different ways, and that he does not belieW thb 
theory which ne has advanced as to the origin of the Loess of Northern China to 
be applicable in every case where Loess occurs. 
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Geology of the Connh^y round Bradford^ Torlcshire. 

By R. Russell, C*E,^ F.G.S.y H.M. Gedlogkal Bmvey*. 

Lithological Desciij^tion, 

The country which the author described lies between the river Whorfe and 
Calder on the north and south, the towns of Leeds and Halifax on the east and 
west, having Bradford in the centre. 

The measures included within this area belong to the Carboniferous series, 
together with a few patches of drift clay, and gravel, and the alluvial deposits in the 
river-valleys. 


The Carboniferous rocks may be divided as follows : — 

feet. 

Middle Coal-measures 850 

Lower Coal-measures 1220 

Upper Grit, or Rough Rock, with flags at base .... 180 

Shales 110 

Middle Grit in several beds 1400 


Beginning with the lower beds, the author shortly described the lithological cha- 
racter of each gi'oup in chronological order. 

The lower part of the Middle Grits consists of shale alternating with bands of 
sandstone. The upper portion is principally sandstone with thin bands of shale ; and 
the lowest bed of this division is the thick and massive rock which forms llkley 
Crags and Otley Chevin. 

The flags at the base of the Upper Grit are fine-grained and regularly bedded j but 
they are not always present. 

The Upper Grit itself is a coarse-grained massive sandstone, varying from 80 to 
180 feet in thickness. It generally occurs in one bed ; but northwards it lies in two 
or three distinct beds. 

The Lower Coal-measures contain five workable scams of coal, ten thin coals 
which occasionally attain a thickness of 1 ft. 2 in. and 1 ft. 8 in., and several beds of 
sandstone, the principal of which are known under the names of the Elland Flagstone 
and the Oakenshaw rock. 

The five principal coals and two sandstones may be described thus : — 

The Halifax Soft-bed coal maintains a very constant thickness of 1 ft. 4 in., to 1 ft. 
8 in. from Halifax northwards, but eastwards it diminshes to a band a few inches 
thick. 

The Halifax Hard-bed coal varies from 2 ft. 3 in. in the south to 1 ft. 4 in. in the 
north, and like the Soft Bed thins out eastwards to a thin band. 

The Fireclay below the Gannister, on which the coal lies, is often worked along 
with the coal, being from 3 to G ft. thick. 

The Elland Flagstone includes a group of sandstones, which, being in general thin- 
bedded and flaggy, rive the name to the rock. It forms large spreads on the higher 
ground around Northoyram ; and west and north of Bradford the 60-yards rock of 
Thornton seems to unite with it and form the thick sandstone at Gaisoy Hill. 

The Better-bed coal is one of the most important and valuable coals in the 
neighbourhood, attaining a thickness of 3 feet at Horton ; but the average thickness 
is about 1 ft. 8 in. ; much value is set on this coal by the Iron Companies in the 
district. 

The Black-bed coal is of a softer nature and inferior quality, 2 ft. 4 in. to 2 ft. 6 in. 
thick at Low Moor ; but at Famley and Bees ton the lower part of the seam is 
converted into an impure stone coal. The value of this coal is enhanced bv the 
ironstone-bearing shale which overlies it. The layers of ironstone are imbedded in 
a carbonaceous shale ; and the average thickness of good ironstone will be about 6 
or 6 inches, that portion of it known as the middle balls being the richest in 
metallic iron. 

The Oakenshaw rock is a well-marked and distinct sandstone over the whole 

* See ‘ IroQ,' Nos. 39 & 40, vol. xi. New Series, pp. 468 & 491 ; also Geological Surrey 
Memoir on the Yorkshire Coalfield. 
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district from Mirfield to Hunsworth, coarse in grain, thick, and in many cases false* 
bedded. 

The Beestoii-bed coal is the representative of an interesting series of coals, which 
occur in the south as the Shertclifte-bed coal and two coal bands, and then as the 
Churwell Thick and Thin coals, and finally as the Beeston bed, uniting the qualities 
as well as the thickness in one seam. 

The Middle Coal-measures contain eleven principal coal seams and two sandstone 
rocks, which are worthy of notice. 

The Blocking coal, the horizon of which indicates the division between the Lower 
and Middle Coal-measures, is a coal which has been most extensively worked over 
a great portion of this area ; it varies in thickness from 1 ft. 3 in. to 1 ft. 8 in., and 
is of a very good quality. 

The Three-quarters or Middleton 11-yards coal is a constant coal, but it is thin 
and of an inferior quality within our present limits. 

The Cromwell or Middleton Main coal is a valuable coal, and is generally a soft 
coal, but at Birstall part of the seam is converted into Cannel coal. The thickness 
is from 1 ft. 7| in. to 4 ft. G in. 

The Green-Lane or Middleton Little coal, near Dewsbury, is only about 9 inches 
or 1 foot thick ; but northwards it improves both in quality and thickness, being as 
much as 2 ft. 0 in. to 3 ft. in the district around Morley, ana contains a band of semi- 
anthracitic coal which is used as a steam coal. 

The Brown-metal cojils, three in number, continue constant, though the manner 
of their occurrence is varied. 

At Dewsbury we have the series complete, while at White Lee the two upper 
beds unite and form the 2-yards coal, a parting of about 1 ft. 6 in. intervening be- 
tween the two seams. These two coals arc again separated at Bruntcliffe by about 
28 feet of shales, while the lowest seam is represented by a band of black shale. 

The Birstall Hock is contained in the measures which lie between these coals 
and the Flockton Thin coal. It is a very irregular sandstone, but is largely 
developed at Batley Carr, Carlinghow, and Jiirstall, where it attains a thickness of 
100 feet. Much good building-stone is obtained from this rock. 

The Flockton Thin or Adwalton Black bed is about 3 feet thick, and contains a 
layer of clay from 2 to 4 inches thick a few inches from the top of the seam. The 
seam is very regular, and the quality of an average kind ; and it is used as a soft 
coal for gas-making. 

The Adwalton Stone coal : the upper portion of this seam is a good cannel coal 6 
to 10 inches thick, the total thickness of the bed being from 3 ft. to 3 ft. 6 in. 
The roof shale of this coal is recognizable throughout the whole of the Yorkshire 
coal-field, being a black shale containing ironstone nodules which are one mass of 
Anthracosia, and is locally known in this district as the Cockle-shell bed.’* 

The Joan coal varies from 2 ft. 3 in. to 1 ft. in thickness, but has not been much 
worked, though it is of good quality. 

The measures which lie between this coal and the Haigh-Moor coals contain the 
sandstone known as the Thornhill rock. This sandstone is regular and uniform in 
occurrence and thickness, and will compare in this respect with the sandstones of the 
Lower Coal-measures. Good and durable building-stone is obtained from it. 

The Low and Top Ilaigh-Moor coals are separated from each other at Pildnere 
by about 30 feet of shales ; northwards the Low coal becomes deteriorated and the 
Top coal continues as the Haigh-Moor coal of the country to the north and north- 
west. 

The Warren-house or Gawthorpe coal is only present over a very small area near 
Chidswell, and is from 7 to 8 feet thick. 

The Lie of the Meemtres, 

By the aid of certain natural lines which occur within this area, such as the lines of 
faults and features of the country, we are enabled the more easily to describe the lie 
of these beds. 

Beginning with the country on the south-west of the fault from Clifton Common 
through Bailiff Bridge to Denholme Clough, the Bough rock stretches away 
westwards from under the Coal-measures, while between the top line of that rodli: 
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au4 tli« &ulfc we have measures as high as the Grow coal, the coals above the 
EUand Flagstone putting in a little wajr west of the fault. This area is broken up 
by a number of smaller faults. The Bailiff-Bridge fault begins at Clifton Common, 
increases to 62 yards at Norwood Green, and to 150 or 200 yards at Benholme 
Clough. 

On the north-east side of the Bailiff-Bridge fault and south of the Bradford 
southerly and Harper-Gate faults to the river 0 alder, there is a tract of country 
which is crossed by a number of large faults running nearly north-east and south- 
west and north-west and south-east, and a set of smaller faults the direction of which 
is approximately east and west. Between the Bradford southerly and Tong^faults 
and one of these north-east and south-west faults, viz. the Birkenshaw fault, all the 
beds crop out from the Better-bed to the Middleton Main coal which caps the top 
of Westgate Hill. On the downcast or south-east side of this fault we have mea- 
sures up to the base of the Thornhill rock ; and this is again thrown down on the 
south-east by the Bruntcliffe fault, the amount of throw being about 80 yards ; and 
the Haigh-Moor coal is brought in at Soothill by the Upper-Batley fault, but is 
thrown out again at Hanging Heaton on the upcast side of the Staiucliffe fault, once 
more occurring over the Thornhill rock at Pildacre Hill east of Dewsbury. 

On the north side of the Bradford southerly and Harper-Gate faults, the country 
is also intersected by many faults, which would require too much space to descrilJe 
in any detail ; but between these faults and the top line of the Upper Grit from 
Wilsden to Thackley we liave the beds from the Better-bed coal to the Plalifax 
Soft coal, while measures nearly as high as the Shertclifte bed occur in the trian- 
gular space between the Egypt, Fairweather-Green and Leventhorpe-Mill faults, 
and in the trough between the Bradford northerly and the Throstle-nest faults, ex- 
tending from Chellon Dean to Fagley. 

The Upper Grit, rising from under the northern edge of the Coal-measures, 
stretches away over the high ground to Yeadon and Bumbles moors, surmounted 
at Baildon Common and Bawdon by outliers of the J^ower Coal-measures, while the 
Middle Grits, consisting of alternating bands of sandstope and shale, run along the 
lower slopes of the valleys. 

The outlier at Baildon contains beds up to the base of the flagstone group, which 
lie in regular succession over the Rough rock at Baildon Bank, and are brought 
against the grit on the north by the continuation of the Bow fault. 

The Bawdon outlier is connected with the main portion of the coal-ffeld by the 
extension to the north-east of the belt between the Bradford nortlieiiy and Boutherly 
faults, the beds cropping out on the east and west sides of this belt above the Upper 
Grit, and bounded on the north by a fault running westward through Bawdon 
Common. 

The Middle Grits rise to the surface norih of Yeadon and Bumbles moors, form 
the magnificent escarpment from Addiugliam Crag by Ilkley Crj^s and Otley 
Chevin to Bramhope Bank, giving a grandeur to this portion of the W harfe valley 
which, in scenery of this kind, is hardly to be surpassed. 

BoMer^heds . — These deposits consist of Boulder-clay and gravels — the gravels 
being of two kinds, those found on the high grounds, and those found in the 
valleys — together with a stiffish clay containing fragments of local stones and which 
is probably lacustrine in its origin. 

The Bomder-clav is composed of blackish, bluish, and yellowish clay containing 
fragments and blocKS of sandstone, grit, limestone, and shale, the blocks of limestone 
being in many cases scratched, polished, and angular, though in other cases they 
are well rounded as well as striated ; but it is hardly possible to separate the one 
from the other. The drift in the Aire basin contains no fragments which may not 
have come from the rocks within the watershed — with one exception so far as the 
author is aware ; and that is in the valley at and just south of Bradford, where he 
found a few pebbles of trap and ash rock as far up towards the watershed between 
the Aire and Oalder as Booley and Great Horton, and one block of coarse granite 
out of the drift clay on the east side of Bowling Lane between Bowling House and 
The Oaks, 

The normal condition of the Boulder-clay in the valleys of the A-ii?® and Wharfe 
Joeing as previously described, wquld lead us to infer that it has been formed by 
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some cause acting locally, though it might probably be due to a universal ice- 
sheet. 

The fact of these beds being thickest in the main valleys and extending into the 
tributary valleys, the high laud being usually free from them, shows the general 
contour of the country to have been much the same in preglacial times as it is i^ow. 

The long ridges of gravel which extend in a somewhat broken and curved line 
from Burley Moor to Hawkesworth, are composed of limestone gravel, forming a 
bank about CO yards wide and 10 to 20 feet high, being at the north end 1150 feet 
and at the south GOO feet above the sea-levm, thus running across the ground 
irrespective of contour, and seem to be undoubted Eskers. 

The mounds of gravel which occur in the valley of the Aire at Bingley are 
composed of limestone gravel and boulders, the greatest proportion of which are 
well-rounded pebbles with faint traces of strioe upon them ; this would point to re- 
arranged drift, or drift which was subjected to tides and currents during deposition* 
This 18 further exemplified by the stratihcation being both up and down the valley, 
and might have been formed when the land stood 300 or 400 feet below its present 
level, the valley of the Aire being then an inlet of the sea up which the tide ebbed 
and flowed, and by its action formed these mounds from previously existing material* 

River Deposits , — Gravel occurs at Exleyllall and Kirklees Park, 150 feet above 
the present river, and is supposed to be of river formation. 

The river-terraces consist of sand, gravel, and clay, and occur in many places 
along the course of the main rivers, as at Thornhill Lees in the valley of the 
Calder, Calverley in the valley of tlie Aire, and in the valley of the Wharfe almost 
continuously from Burley to Poole. 

The recent alluvium is composed of fine loamy clay, sand, and gravel. Many 
large trees have been found imbedded in this alluvium in the valley of the Calder, 
some of them being from 2 to 3 feet in diameter, and 00 feet in length. 


Oil the Occurrence of Elephant-remains in the Basement Beds of the Red 
Crag. By J. E. Taylor, F.L.8., F.O.S. 

The author exhibited a tooth from the basement bed of the Bed Crag, where 
Mastodon and other early Pliocene or late Miocene mammalia are met with. It had 
been contended that the elephant- teeth did not come from this bod j but the author 
denied this from personal experience. The tooth in question was very peculiar, from 
the width between the ridges, and its singular resemblance to the Mastodon type. 


On the Correspondence between some Areas of apparent Upheaval and the 
Thickening of subjacent Beds. By W. Topley, F.G.S., Geological Survey of 
England. 

The author first referred to some known facts as to the thinning of strata in 
certain directions, and he drew attention to the coincidence between the direction 
of this thinning and the direction of the general dip. The south-easterly attenua- 
tion of the Oolites of Central England (long since proved by Prof. Hull) and the 
thinning-out of the Lower Cretaceous rocks under London, were the cases most 
fully dwelt upon. Illustrations were also drawn from the Carboniferous rocks of 
Yorkshire and Derbyshire, and the Lower Cretaceous ^•ocks on the west of the 
Paris basin. 

It was shown, as regards the areas described, that the rise of the beds is in that 
direction in which the underlying beds obtained their greatest thickness. It has 
hitherto been assumed that the rise and dip of strata is due to movements of the 
earth’s crust j but the author pointed out that, in the instances alluded to, this is 
an erroneous conclusion. ^ Only a small portion of the apparent upheaval could be 
due to this cause, whilst in some cases it seemed that the whole of it coul4 be ex- 
plained by the thickening of subjacent beds. The author concluded by pointing 
out the important bearing of these facts upon some current geological theories, re- 
ferring especially to the supposed connexion between the upheav^ ” of tl^e Weald 
and the existing valley-systems of that area. 



EEPORT — 1873. 


On the Whin SiU of Nortliumhei'land, 

By W. Topley, F,G*S.y and G. A. Lebottk, F.G.S. 

This paper gave the results of work by the authors during the progress of the 
Geological Survey, and it was communicated to the Section by permission of the 
Director-General of the Survey. 

The Whinstone or Basalt of the north of England occurs in two forms, either as 
dykes cutting through the rocks, or as beds lying amongst them. The intrusive 
character of the former is undisputed ; but there has always been considerable un- 
certainty as to the character of the latter. The authors affirmed that in Northum- 
berland "there could be no doubt whatever that the sheet or sheets of basalt known 
as the Whin Sill ’’ were intrusive, and that the trap had been forced through the 
rocks long after their deposition and consolidation. The evidence of this was 
found in the altered nature of the rocks above the whin, especially when they 
consist of shales, and in the fact that the whin does not lie at one uniform level 
amongst the sedimentary strata, but frequently comes up in bosses, cutting through 
the rocks, and shifting its relative position amongst them to the extent of 1000 feet 
or more in short distances. 

An account of the literature of the subject was given ; and reference was parti- 
cularly made to a paper by Sir W. C. Trevel 3 ^an, published in 1823 in the ^Werne- 
rian Transactions,^ in which the intrusive nature of the basalt of North Northum- 
berland was clearly shown. 

A note by Mr. S. Allport, F.G.S., was appended to the paper, giving an account 
of the microscopic structure of tlie basalt, showing it to be precisely similar in 
character to the intrusive sheets of trap which occur in the coal-held of the midland 
counties. 


Note on the Occurrence of Thanet Sand and of Crag in the S. W» of Suffolk 
(Sudbury), ByW, Whitaker, B,A. (Land.), of the Geological Survey, 

The author had obsers’ed near Sudburj^ some sections proving the existence of 
Thanet Sand in that district. None had previously been observed on the northern 
outcrop of the London basin. The sand is hne and loamy, just like that of West 
Kent. The author also noticed the occurrence of Crag at Sudbury, at many miles 
from, and at a higher level than, anj'^ previously known. 


On some Specimens of Dithyrocaris from the Carboniferous Limestone Series, 
East Kilbride, and from the Old Bed Sandstone (f) of Lanarkshire ; with 
Notes on their Geological Position By Hekby Woodward, F,B.S,, 
F,G,S,, and Robert Etheridge, jun., F.G,S, 

The authors described nine specimens of Phyllopodous Crustaceans, eight of 
which are from the Carboniferous series of East Kilbride, and the remaining form 
from the Old Red Sandstone (?) of Lanarkshire. They are all referable to the 
genus Bithyrocai'is ; and the authors described four new species, namely ; — 

Dithyrocaris ^anulata, W. & E. Carboniferous Limestone series. East Kilbride. 

ovalis, W. & E. Carboniferous Limestone series. East Kilbride. 

glabra, W. & E. Carboniferous Limestone series. East Kilbride. 

— striata, W. ^ E. Old Red Sandstone, Lanark. 

The other examples are referred to Dr. Scouler’s Dithyrocaris tricomis and D, 
tesfudinea, both of which were also obtained from the Carboniferous Limestone 
series of East Kilbride. 

With regard to D. tricomis, one of the authors (Mr. Woodward) had made the 
interesting discovery that the carapace in Dr. Scouler’s specimen was folded 
together, and that Dr. Scouler had mistaken the true anterior border of the cai'a- 
pace — the three spines, on which the specific diagnosis was foimded, being really at 
the posterior end of the carapace — the body-segments having been twisted out of 
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f loce, a«i constantly happens in Ceratiocaris papUio, Salter, from the Upper Silurian of 
iesmahagow (see ^Siluria/ 4th edit. 1867, p. 236, Fossils (^), fig. 1, and footnote 
thereon). The maxillae, which are preserved in situ in l)r. Scouler’s specimen, 
indicate the thie anterior end of the carapace. 


New Facts hearing on the Inquiry concerning Forms intermediate between Birds 
and Reptiles, By Henry Woodward, F,B,S,, F.G.S,, of the British 

Museum, 

In this paper the author drew attention to the great hiatus existing at the present 
day between Birds and Iteptiles, and referred to the researches of Prof, Huxley and 
others in order to show tliat both the Ornithic and Keptilian types were super- 
structures raised on the same ground-plan, and tliat the Cheloma, Ichthyosauria, 
Plesiosauria, Pterosauria, and Lacertilia difter fully as much from one another as 
they do from the class Aves. 

To associate all these forms togetlier under one great Class, the Sauropsida, as 
proposed by Prof. Huxley, is therefore fully justified by the common structural 
affinities which they present. 

Among existing birds the Ratitce or Struthious birds come nearer to Reptilia than 
any other group j and their wide distribution attests their great antiquity, whilst 
their fossil forms occur as low down as the Eocene. The author pointed out that 
the Pterosauria only presented an adaptive modification of Avian structures, but 
did not help to bridge over the gap which exists between these two divisions. 

He cited the remarkable Mesozoic bird (the Archccopteryx) as affording a more 
generalized type of structure than any other known genus of Aves, the tail being 
composed of twenty free vertebrae, and the digits of the wings being armed with 
claws. 

Two birds had also been described by Prof. 0. C. Marsh from the Cretaceous 
shales of Kansas, remarkable for possessing numerous teeth in both jaws, implanted 
in distinct sockets, and also biconcave vertebra). 

Lastly, Prof. Owen had just described a new and remarkable bird from the Lon- 
don Clay of Sheppey, the Odontopterxfx toliapicusj having very prominent denticu- 
lations of the alveolar margins of the jaws, which, although not true teeth, no 
doubt subserved the function of those prehensile organs. 

From the extreme rarity of ’all terrestrial-animal remains preserved in a fossil 
state, it may be justly concluded that many more such archaic birds with reptilian 
modifications actually existed in the Mesozoic epoch, although they may never be 
discovered by geologists. 

The author then referred to the instances of fossil Reptilia which show remark- 
able ornithic modifications — as, for example, the singular Co?npsognathm longipes 
from Solenhofen, a lizard which, from its peculiar conformation, must have hopped 
or walked in an erect position, after the manner of a bird, to which its long neck, 
small head, short and diminutive anterior limbs gave it an extraordinary resem- 
blance. 

From the researches of Mantell, Owen, Phillips, Huxley, and Hulke in England, 
Cope, Leidy, and other anatomists in America, it would appear that the huge 
Binosauria, the Iguanodon^ MegalosaurtiSj &c., had also diminutive fore limbs and 
largely developed hind limbs, "whilst from the form of the pelvic bones and the 
anchylosis of the sacral vertebrae, there can be little doubt they walked in an almost 
erect position — a conclusion which the bipedal tracks discovered by Mr. S. H. 
Beckles tend to confirm. 

The author then described a remarkable lizard, the Chlamydosaurus Kingii from 
Australia, which habitually runs upon its hind legs, a mode of progression which 
its disproportionately short fore limbs at once suggest as its natural position j and 
as its habits are known to have been observed by Mr. Gerard Krefll and other 
naturalists, it affords a most valuable living illustration of a Mesozoic t)rpe ap- 
proaching birds on the Reptilian side, as the Struthious Birds approach reptiles on 
the Avian side. 

Some singular tracks from Solenhofen were referred to, which must have been 
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mude by a Mpedal feptile^ like Commogmihus, or by a reptiliali4ik6 bird^ aucb 
as Archc&opteryxy having a long rat-liKe tail, 

Mr. Woodward thinks the bipedal tracks on the Connecticut sandstones are to 
be satisfactorily explained by the conclusion which we are now justified in forming, 
that they were left by Avian-like Iteptiles, although we have not as yet discovered 
their fossil remains. 


BIOLOGY. 

Address hj Geobge J. Allman/ -I/.D., Lh.B., F.li.S., FJl,8»E., M.E.LA.f 
F,L.8,, President of the Section, 

For some years it has been the practice at the Meetings of this Association for the 
special Presidents to open the work of their respective Sections with an Address, 
which is supposed to difFer, in the greater generMity of its subject, from the ordi- 
nary communications to the Sections. Finding that during the present Meeting 
this duty would devolve on myself, I thought over the available topics, and con- 
cluded that a few words on the Present Aspect of Biology and the Method of 
Biological Study would best satisfy the conditions imposed. 

I shall endeavour to be as little technical as my subject will allow ; and though 
I know that there are here present many to whom I cannot expect to convey any 
truths with which they are not already familiar, yet in an Address of this kind 
the speaker has no right to take for granted any large amount of scientific know- 
ledge in his audience. Indeed one of the chief advantages which result from 
these Meetings of the British Association consists in the stimulus they give 
to inquiry, in the opportunity they afibrd to many of becoming acquainted for 
the first time with the established truths of science, and the initiation among 
them of new lines of thought. 

And this is undoubtedly no small gain ; for how many are there who, though 
they may have reaped all the advantages which our established educational systems 
can bestow, are yet sadly deficient in a knowledge of the world of life which 
surrounds them. It is a fair and wonderful world, this eai th on which we have 
our dwelling-place ,* and yet how many wander over it unheedingly ! by how many 
have its lessons of wisdom never been read ! how many have never spared a 
thought on the beauty of its forms, the hcarmony of its relations, the deep meaning 
of its laws ! 

And with all this there is assuredly implanted in man an undying love of such 
knowledge. From his unshaken faith m causation he yearns to deduce the 
unknown from the known, to look beyond what is at hand and obvious to what is 
remote and unseen. 

Conception of Biology and Function of the Scientific Method, 

Under the head of Biology are included all those departments of scientific 
research which have as their object the investigation of the living beings, the 
plants and the animals, which tenant the surface of our earth, or have tenanted it 
in past time. 

It admits of being studied under two grand heads — Morphology, which treats of 
Form, and Physiology, which treats of Function ; and hesides these there are 
certain departments of biological study to which both Morphology and Physiology 
contribute, such as Classification, Distribution, and that department of research 
which is concerned with the orimn and causes of living and extinct forms. 

By the aid of observation and experiment we obtain the elements which are to 
be combined and developed into a science of living beings ; and it is the function of 
the scientific method to indicate the mode in which the combinations are to be 
effected, and the path which the development must pursue. Without it the 
results gmned would be but a confused assemblage of isolated facts and dis- 
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connected phenomena j but, aided by a pbilofiophic method, the obsetved facta 
become scientific propositions, what was apparently insignificant becomes Ml of 
meaning, and we get glimpses of the consummate laws which govern the whole. 

I shall leave the consideration of Biology in its purely physiological aspect to 
the President of the Physiological Subsection, and shall here confine myself to 
those departments whick are more or less controlled by morphological laws. 

In'iportanee of Anatomy, 

The first step in our morphological study of living beinp is to^ obtain an 
accurate and adequate knowledge of the forms of the individual objects which 
present themselves to us in our contemplation of the animal and vegetable 
Kingdoms, h'or such knowledge, however, much morii is needed than an acquaint- 
ance with their external figure. We must subject them to a searching scrutiny; 
wo must make ourselves familiar with their anatomy, which involves not only a 
knowledge of the forms and disposition of their organs, internal as well as external, 
but of their histology or the microscopic structure of the tissues of which these 
organs are composed. Histology is nothing more than anatomy carried to its 
extreme term, to that point where it meets with the morphological unit, the ulti- 
mate element of form, and the simplest combinations of this out of which all the 
organs in the living body are built up. 

Among the hi^er animals Anatomy, in the ordinary sense of the word, is 
sufficiently distinct from Histology to admit of separate study ; but in the lower 
animals and in plants the two become confounded at so many points as to render 
their separate study often impracticable. 

Now the great prominence given to Anatomy is one of the points which most 
eminently distinguish the modern schools of Biology, 

Development, 

Another order of morphological facts of no less importance than those ob- 
tained from anatomical study is derived from that of the changes of form which 
the individual experiences during the course of its life. We know that every 
organized being commences existence as a simple sphere of protoplasm, and that 
from this condition of extreme generalization all but the very lowest pass through 
phases of higher and higher specialization, acquiring new parts and diflerentiating 
new tissues. The sum of these changes constitute the development of the 
organism ; and no series of facts is more full of significance in their bearing on 
biological science than that which is derived from the philosophic study of 
Development. 

Classification an Expression of Afi^nities, 

Hitherto we have been considering the individual organism without any direct 
reference to others ; but the requirements of the biological method can bc 
satisfied only by a comparison of the various organisms one with the other. Now 
the grounds of such comparison may be various ; but what we are at present con- 
cerned with will be found in anatomical structure and in developmental changes ; 
and in each of these directions facts of the highest order and of great significance 
become apparent. 

By a carefully instituted comparison of one organism with another, we discover 
the resemblances as well ns the difierences between them. If these resemblances be 
strong and occur in important points of structure or development, we assei-t that 
there is an affinity between the compared organisms, and we assume that the 
closeness of the affinity varies directly with the closeness of the resemblance. 

It is on the determination of these affinities that all philosophic classificatiotl 
of animals and plants must be based. A philosophic classification of organized 
beings aims at being a succinct statement of the affinities between the objects SO 
classified, these affinities being at the same time so set forth as to have the!r 
various degrees of closeness and remoteness indicated in the classification. 

Affinities have long been recognized as the grounds of a natural biological 
classification ; but it is only quite lately that a new significance has been given tO 
them by the assumption that they may indicate something morO than sim|it 
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with a common plan— that they may be derived by inheritance from a 
common ancestral form, and that they therefore afford evidence of a true blood- 
relationship between the organisms presenting them. 

The recognition of this i-elationship is the basis of what is known as the Descent 
Theory. No one doubts that the resemblances we notice amon^ the members of 
such small groups as those we name species are derived by inlieritance from a 
common ancestor ; and the Descent Theory is simply the extension to the larger 
groups of this same idea of relationship. 

If this be a true principle, then biological classification becomes an exposition 
of famil}^ relationship — a genealogical tree in which the stem and branches indi- 
cate various degrees of kinship and direct and collateral lines of descent. It 
is this conception which takes classification out of the domain of the purely 
morphological. 

Affinity determined by the study of Anatomy and Develojnnent, 

From what has just been said, it follows that it is mainly by a comparison of 
organisms in their anatomical and developmental characters that their afiinities 
are discoverable. The structure of an organism will, in by far the greater number 
of cases, bo sufficient to indicate its true affinity ; but it sometimes happens that 
certain members of a group depart in their structure so widely from the characters 
of the type to which they belong, that without some other evidence of their affi- 
nities no one would think of assigning them to it. This evidence is aftbrded by 
development. 

An example or two will serve to make the subject clear; and we shall first take 
one from a case where, without a knowledge of anatomical structure, we should 
easily go astray in our attempts to assign to the forms under examination their 
true place in the classification. 

If we search our coasts at low water we shall be sure to meet with certain 
plant-like animals spreading over the rocks or rooted to the fronds of sea- weeds, 
all of which present so close a resemblance to one another as to have led to their 
being brought together by the zoologists of a few years ago into a single group, 
to which, under the name of Polypes,” a definite place was assigned in the 
classification of the animal kingdom. They are all composite animals, consisting 
of an association of buds or zooids which remain organically united to one another 
and give to the whole assemblage the appearance, in many cases, of a little 
branching tree. Every bud cames a delicate transparent cup, within which is 
contained the principal part of the animal, and from which this has the power of 
spontaneously protruding itself ; and when thus protruded it will be seen to pre- 
sent a beautiful crown of tentacles surrounding a mouth, through which food is 
taken into a stomach. As long as no danger threatens, the little animal will 
continue displayed with its beautiful coronal of tentacles expanded ; but touch it 
ever so lightly, and it will instantly close up its tentacles, retract its whole body, 
and take refuge in the recesses of its protecting cup. 

So far, then, there is a complete agreement between the animals which have 
been thus associated under the designation of Polypes ; and in all that concerns 
their external form no one point can be adduced in opposition to the justice of 
this association. When, however, we pass below the surface and bring the micro- 
scope and dissecting-needle to bear on their internal organization, we find that 
among the animals thus formed so apparently alike we nave two totally distinct 
types of structure : — that while in one the mouth leads into a simple excavation of 
the body on which devolves the whole of the functions which r^resent digestion, 
in the other there is a complete alimentary tract entirely shut off from the proper 
cavity of the bodv and consisting of distinctly differentiated oesophagus, stomach, 
and intestine ; while in the one the muscular system consists of an indistinct 
layer of fibres intimately united in its whole extent with the body-walls, in the 
other there are distinctly differentiated free bundles of muscles for the purpose of 
effecting special motions in the economy of the animal ; while in the one no dif- 
ferentiatea nervous system can be detected, in the other there is a distinct nervous 
ganglion with nervous filaments. In fact the two forms are shown, by a study of 
their anatomical structure, to belong to two entirely different primary divisions 
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of the animal kingdom ; for while the one has a close afl^ty with the little 
freshwater Hydra, and is therefore referred to the Hydroida among the sub- 
kingdom Coelenterata, the other is referable to the group of the Polyzoa, has its 
immediate affinities with the Ascidians, and belongs to the great division of the 
Molluscoida. 

We shall next take an example in which the study of development, rather than 
of anatomy, affords the clue to the true affinities of the organism. 

Attached to the abdomen of various crabs may often be seen certain soft fleshy 
sacs, to which the name of Sncculina has been given. They hold their place by 
means of a branching root-liko extension, which penetrates the abdomen of the 
crab and winds itself round its intestine or dives into its liver, within which its 
fibres ramify like the roots of a tree. 

Now the question at once presents itself, What position in the animal kingdom 
are we to assign to this immovably-rooted sac, destitute of mouth and of almost 
every other organ with which we are in the habit of associating the structm'e of 
an animal ? 

Anatomy will here be powerless in helping us to arrive at a conclusion j for the 
dissecting-knife shows us little more than a closed sac filled with eggs, and fixed 
by its tenacious roots in the viscera of its victim. Let us see, however, what we 
learn from development. If some of the eggs with which the Sacculina is filled 
be placed in conditions suited to their development, thev give origin to a form as 
difterent as can well be imagined from the Sacculina. It is an active, somewhat 
oval-shaped little creature, covered with a broad dorsal shield or carapace, and 
furnished with two pairs of strong swimming-feet, whi(;h carry long bristles, and 
also with a pair of anterior limbs or antenum. It is, in fact, identical with a form 
known to zoologists by the name of Nauplius,” and which has been proved to 
be one of the young states of the Barnacle and of other lower Crustacea j while 
even some of the higher Crustacea have been observed to pass through a similar 
stage. 

After a short time the Naupliiis of our Sacculina changes its form; the carapace 
folds down on each side and assumes the shape of a little bivalve shell, while six 
new pairs of swimming-feet are developed. The little animal continues its active 
natatory life, and in this stage it is again identical in all essential points with one 
of the young stages of the Barnacle. 

In the mean time a remarkable change takes place in the two antennae ; they 
become curiously branched and converted into prehensile organs. The young 
Sacculina now looks out for the crab on which it is to spend parasitically the rest 
of its life ; it loses its bivalve shell ; the prehensile antennae take hold of its 
victim, and penetrate the soft skin of its abdomen, in order to seek within it the 
nutriment which is there so plentifully present ; locomotion is gone for ever, and 
the active and symmetrical Nauplius becomes converted into the inert and shape- 
less Sacculina. 

The nearest affinities of Sacculina are thus undoubtedly with the Barnacles, 
which have been proved, both on anatomical and developmental grounds, to belong 
to the great division of the Crustacea. 

A pliiloscyphlcal classification cannot form a single rectilineal series^ 

A comparison of animals with one another having thus resulted in establishing 
their affinities, we may arrange them into groups, some more nearly, others more 
remotely related to one another. The various degrees and directions of affinity 
will be expressed in every philosophical arrangement ; and as these affinities ex- 
tend in various directions, it becomes at once apparent that no arrangement of 
organized beings in a straight line, ascending like the steps of a ladder from lower 
to higher forms, can give a true idea of the relations of such beings to one another. 
These relations, on the contrary, can be expressed only by a ramified and complex 
figure, which we have already compared to that of a genealo^cal tree. 

The following diagram will approximately express the affinities of the leading 
groups of the animal kingdom : — 


1873. 


7 



REPORT 1873. 


(^EcHTNOI)ERMATA.]) 

Asterida3. 

\ 


C VeRTEBP ATA. ") 

Amphioxys. 



Ch'iistacea. Polyzoa. 



Annelida. 

(^Vermes.^ (^Ccelenterata.') 

Platoidea. Ilydroida. 



Infusoria. Rliizopoda. 
(^Protozo 


Homology. 

In the cotnpanson of orfvanizod beings with one another, certain relations of 
great interest and significance become apparent between various organs. These 
are known by the name of Homologies ; and organs are said to be homologous 
with one another when they can be proved to be constructed on the same funda- 
mental plan, no matter how different tliey may be in form and in the functions 
which they may be de.stined to execute. Organs not constructed on the same fun- 
damental plan may yet execute similar functions ; and then, whether they do or 
do not resemble one another in form, they are said to be merely analogous j and 
some of the most important steps in modem Biology liave resulted from attention 
to the distinction between Homology and Analogy, a distinction which was entirely 
disregarded by the earlier schools. 

The nature of Homology and its distinction from Analogy will be best under- 
stood by a few examples. 

Compare the wing of a bird with that of an insect ; there is a resemblance be- 
tween tiiem in external form ; there is also an identity of function, both organs 
being constructed for the purposes of flight : and yet they are in no respect homo- 
logous ; for they are formed on two distinct plans, which have nothing whatever in 
common. The relation between them is simply that of analogy, 

On the other hand, no finer illustrations of Homology can be adduced than 
those which are afforded by a comparison with one another of the anterior limbs of 
the vaiious members of the Vertehrata. Let us compare, for example, the anterior 
limb of man with the wing of a bird. Here we have two organs ibetween which 
the ordinary observer would fail to recognize any resemblance — organs, too, whose 
functions are entirely different, one being formed for prehension, and the other for 
flight. When, however, they are compared in the light which a philosophic ana- 
tomy is capable of throwing on them, we find between the two a parallelism which 
points to one fundamental type on which they are both constructed. 

There is, first, the shoulder-girdle, or system of bones by which in each case the 
limb is connected with the rest of the skeleton. Now this part of the skeleton in 
man is very different in form from the same part in the bird ; and yet a comparison 
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of the two shows us that the difference mainly consists in the fact that the coracoid, 
which in man is a mere process of the scapula, is in the bird developed as an inde- 
pendent bone, and in the further fact that the two clavicles in man are in the bird 
united into a single V-shaped bone or furcula/’ Then, if we comptxre the arm, 
forearm, wrist, and hand in the human skeleton with the various parts which 
follow one another in the same order in the skeleton of the bird’s wing, we shall 
find between the two series a correspondence which the adaptation to special func- 
tions may in some regions mask, but never to such an extent as to render the 
fundamental unity of plan undiscoverablo by the method of the higher anatomy. 
As far as regards the arm and forearm, these in the bird are nearly repetitions of 
their condition in the human skeleton ; but the parts which follow appear at first 
sight so different in the two cases as to have but little relation to one another; and 
yet a common type can bo traced with great distinctness through the two. Thus 
the wrist is present in the bird’s wing as well as in the anterior limb of man ; but 
while in man it is composed of eight small irregularly shaped bones, arranged in 
two rows, in the wing it has become greatly modified, the two rows being reduced 
to one, and the eight bones to two. Lastly, the hand is also represented in the 
wing, where it constitutes a veiy important part of the organ of fiight, but where 
it has undergone such great modification as to he rec<^)gnizab]e only after a critical 
comparison ; for the five metacarpal bones of the human liand are reduced to two, 
consolidated with one another at their proximal and distal ends ; and them the five 
fingers of the hand are in the wing reduced to three, which represent the middle 
finger, fore finger, and thumb. The fore finger in the bird consists of only one 
phalanx, the middle of two, and the tliiimh forms a small stylet-like bone spring- 
ing from the proximal end of the united meiacarpals. 

In the case now adduced we have an example of the way in which the same 
organ in two different animals may become very differently modified in form, so as 
to fit it for the performance of two entirely different functions, and yet retain suffi- 
cient conformity to a common plan to indicate a fundamental unity of structure. 

Let us take another example : and this I shall adduce from the ^’ege table King- 
dom, which is full of beautiful instances of the relations with which we are now 
occupied. 

There are the parts known as tendrils, thread-like organs, usually rolling them- 
selves into spirals, and destined, by twining round some fixed support, to sustain 
climbing plants in their efforts to raise themselves from the ground. We shall 
take two examples of these beautiful appendages, and endeavour to determine 
their homological significance. 

There is the genus Smilax, one species of wliich adorns the hedges of the south 
of Europe, where it takes the place of the Bryony and Tamus of our English 
country lanes. From the point where the stalks of its leaves spring from the stem 
there is given off a pair of tendrils, by means of which the Smilojc clings to the 
surrounding vegetation in an inextricable entanglement of flexile branches and 
bright glossy green foliage. 

With the tendrils of the Sryiilax let us compare those of the Lathyrus aphaca, a 
little vetch occasionally met with in waste places and the margins of corn-fields. 
The leaves are represented by arrow-shaped leaf-like appendages, which are placed 
opposite to one another in pairs upon the stem; but instead of each of these 
carrying two tendrils at its origin, like the leaves of the SmilaXy a single tendril 
springs from the middle point oetween every pair. 

The tendrils in the two cases, though similar in appearance and in function, 
differ thus in number and arrangement ; and the questions occur : — Are they homo- 
logous with one another, or are they only analogous ? and if they are only analo- 
gous, can we trace between them and any other organ homologous relations ? 

To enable us to decide this point, we must bear m mind that a leaf, when ^^i- 
cally developed, consists of three portions — the lamina or blade, the petiole or leaf- 
stalk, and a pair of foliaceous appendages or stipules placed at the base of the leaf- 
stalk. Now this typical leaf affords the key to the homologies of the tendrils in 
the two cases under examination. 

Take the Smilax. In this case there are no stipules of the ordinary form ; but 
the two tendrils hold exactly the position of the stipules in our type leaf, and must 

7N. 
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be rep.rded as representing them. We have only to imap^ine these stipules so 
modified in their form as to oecome reduced to two long spiral threads, and we shall 
at once have the tendrils of the Stnilas. On the other hand, let the stipules in our 
type remain as leaf-like organs, and let the rest of the leaf (the lamina and petiole) 
lose its normal character and become changed into a spiral thread, and we shall 
then have the stipules of our type leaf retained in the two opposite leaf-like organs 
of the Lathynis^ while the remainder of the t^^pe leaf will present itself in the con- 
dition of the Lathyrm-i&ndit\i which springs from the central point between them. 

The tendrils of the Smilax and of the Lathyrus aphaca are thus not homologous 
with one another, but only analogous ; while those of the Smilax are homologous 
with a pair of stipules, and those of the Lathyrus homologous with the lamina and 
petiole of a leaf. 

Besides the homologjr discoverable between the organs of different animals and 
plants, a similar relation can be traced between organs in tlie same animal or 
plant, as, for example, that between the different segments of the vertebral column 
(which can be shown to repeat one another homologically), and that between the 
parts composing the various verticils of the flower and leaves in the plant. 

The existence of homological relations such as have been just illustrated admits 
of an easy explanation by the application of the doctrine of Descent, according to 
which the two organs compared would originate from a common ancestral form. 
In accordance with this hypothesis, Homology would mean an identity of genesis 
in two organs, as Analogy would mean an identity of function. 

Distribution and Evolution, 

Another very important department of biological science is that of the distribu- 
tion of organized beings. This may be either Distribution in Space (Geographical 
Distribution) or Distribution in Time (Palfcontological Distribution). Both of these 
have of late years acquired increased significance ; for have begun to get more 
distinct glimpses of the laws by wliich they are controlled, of the origin of Faunas 
and Floras, and of the causes which regulate the sequence of life upon the earth. 
Time, however, will not allow to enter upon this subject as fully ns its interest and 
importance would deserve; and a few words on palaeontological distribution is all 
that I can now venture on. 

The distribution of organized beings in time has lately come before us in a new 
light, by the application to it of the hypothesis of Evolution. According to this 
hypothesis, the higher groups of organized beings now existing on the earth’s sur- 
face have come down to us, with gi'adually increasing complexity of structure, by a 
continuous descent from forms of extreme simplicity which constituted the earliest 
life of our planet. 

In almost every group of the animal kingdom the members which compose it 
admit of being arranged in a continuous series, passing down from more specialized 
or higher to more generalized or lower forms ; and if we have any record of ex- 
tinct members of the group, the series may be carried on through these. Now, 
while the Descent hypothesis obliges us to regard the various terms of the series 
as descended from one another, tlie most generalized fonns will be found among 
the extinct ones ; and the further back in time we go the simpler do the forms 
become. 

By a comparison of the forms so arranged we obtain, as it were, the law of the 
series, and can thus form a conception of the missing terms, and continue the 
series backwards through time, even where no record of the lost forms can be 
found, until from simpler to still simpler terms we at last arrive at the conception 
of a term so generalized that we mav regard it as the primordial stock, the ances- 
tral form from which all the others nave been derived by descent. 

This root form is thus not actually observed, but is rather obtained by a process 
of deduction, and is therefore hypothetical. We shall strengthen, however, its 
claims to acceptance by the application of another principle. The study of Em- 
bryology shows that the higher animals, in the course of their development, pass 
through transitory phases which have much in common with the permanent con- 
dition of lower members of the type to which they belong, and therefore with its 
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extinct representatives. We are thus enabled to lay down the further principle, 
that the individual, in the course of its own development from the egg to the fully 
formed state, recapitulates within that short period of time the various forms whicn 
its ancestry presented in consecutive epochs of the world’s history ; so that if we 
knew all the stages of its individual development, we should have a key to the 
long line of its descent. Through the hypothesis of Evolution, palaeontology and 
embryology are thus brought into mutual bearing on one another. 

Let us take an example in which these two principles seem to be illustrated. 
In rocks of the Silurian age there exist in great profusion the remarkable fossils 
known as Graptolites. These ct)nsi8t of a series of little cups or cells arranged 
along the sides a common tube ; and the whole fossil presents so close a resem- 
blance to one of the Sertularian hydroids which inhabit the waters of our present 
seas as to justify the suspicion that the Graptolites constitute an ancient and long 
since extinct group of the Hydroida. It is not, however, with the proper cells, or 
hydrothecse, of the Sortulariaiis that the cells of the Graptolite most closely agree, 
but rather with the little receptacles which in certain Sertularinte belonging to the 
family of the Pliimularidje we hud associated with the hydrothecic, and which are 
known as nematopliorcs.” A comparison of structure, then, shows that the Grap- 
tolite may, with considerable probability, be regarded as representing a Plumu- 
laria in which the hydrothecas liad never been developed, and m which their place 
had been taken by the neniatophores. 

Now it can be shown that tlie nematophores of the living Pliimiilaridae are filled 
with masses of protoplasm which have tlie power of throwing out pseudopodia, or 
long processes of their substance, and that they thus resemble the Phizopoda, 
whose soft parts consist entirely of a similar protoplasm, and which stand among 
the Protozoa, or lowest group of tlie animal kingdom. If we suppose the hydro- 
thecie suppressed in a Plumularinii, we should thus nearly convert it into a colony 
of Khizopoda, from which it would difier only in the somewhat higher morpho- 
logical differentiation of its coenosarc, or common living bond by which the indi- 
viduals of the colony are organically connected. And just such a colony would, 
under this view, a Graptolite be, waiting only for the development of bydrothecfe 
to raise it into the condition of a Plumularian. 

Bringing, now, the Evolution hypothesis to bear upon the question, it would 
follow that the Graptolite may be viewed as an ancestral form of the Sertularian 
hydroids, a form having the most intimate relations witli the Ehizopoda, that 
hydranths and hydrothecse became developed in its descendants, and that the 
Rhizopodal Graptolite became thus converted in the lapse of ages into the hy- 
droidal Sertularian. 

This hypothesis would be strengthened if we found it agreeing with the pheno- 
mena of "individual development. Now such Plumularidsc as have been followed 
in their development from the egg to the fidult state do actually present well- 
developed metainoi’plioses before thew show a trace of hydrothecse, thus passing in 
the course of their embryological development through the condition of a Grapto- 
lite, and recapitulating within a few days stages wTiich it took incalculable ages to 
bring about in the palse ontological development of the tribe. 

I have thus dwelt at some length on the doctrine of Evolution because it has 
given a new direction to biological study, and must powerfully influence all future 
researches. Evolution is the highest expression of the fundamental principles 
established by Mr. Darwin, and depends on the two admitted faculties of living 
beings — heredity^ or the transmission of characters from the parent to the offspring, 
and adaptivity y or the capacity of having these characters more or less modified 
in the ofispring by external agencies or, it may be, by spontaneous tendency to 
variation. 

The hypothesis of Evolution may not, it is true, he yet established on so sure a 
basis as to command instantaneous acceptance ; and for a generalization of such 
vast significance no one can he blamed in demanding a broad and indisputable 
foundation of facts. Whether, however, we do or do not accept it as a necessary 
deduction from established facts, it is at all events certain that it embraces a greater 
number of phenomena and suggests a more satisfactory explanation of them than 
any other hypothesis which has yet been proposed. 
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With all our admiration, however, for the doctrine of Evolution, as one of the 
most fertile and comprehensive of philosophic hypotheses, we cannot shut our eyes 
to the difficulties which lie in^ the way of accepting it to the full extent which has 
been sometimes claimed for it. It must be borne in mind that though among 
some of the higher Vertebrata we can trace back for some distance in geologiccQ 
time a continuous series of forms which may safely be regarded as derived from 
one another by gradual modification (as has*^been done, for example, so success- 
fully by Prof, Huxley in the case of the Horse), yet the instances are very few in 
which such a sequence has been actually established ; while the first appearance 
on the earth’s crust of the various classes presents itself in forms which by no 
means belong to the lowest or most generalized of their living representatives. On 
this fact, however, I do not lay much stress ; for it will admit of explanation by 
refemng it to the deficiency of the geological record, and then demanding a lapse 
of time (of enormous length, it is true) duiing which the necessary modifications 
would be in progress before the earliest phase of which we have any knowledge 
could have been reached. 

Again, we must not lose sight of the hypothetical nature of those primordial 
forms in which we regard the branches of oiu genealogical tree as taking their 
oridn ; and while the doctrine of the recapitulation of ancestral forms has much 
probability, and harmonizes with the otlier aspects of the Evolution doctrine into 
a beautifully symmetrical system, it is one for which a suiiicient number of actually 
observed facts have not yet been adduced to remove it altogether from the region 
of hypothesis. 

Even the case of the Graptolites already adduced is an illustration rather than a 
proof ; for the difficulty of determining the true nature of such obscure fossils is so 
great, that we may be altogether mistaken in our views of their structure and 
affinities. 

^ To me, however, one of the chief difficulties in the way of the doctrine of evolu- 
tion, when carried to the extreme length for which some of its advocates contend, 
appears to be the unbroken continuity of inherited life wliich it necessarily requires 
through a period of time whose vastness is such that the mind of man is utterly 
incapable of comprehending it. Vast periods, it is true, are necessary in order to 
render the phenomena of evolution possible ; but the vastness which the antiquity 
of life, as shown by its remains in the oldest fossiliferous strata, requires us to give 
to these periods may be even greater than is compatible with continuity. 

We have no reason to suppose that the reproductive faculty in organized beings 
is endowed with unlimited power of extension ; and yet, to go no further back than 
the Silurian period (though the seas which bore the Eozoon were probably as far 
anterior to those of tlie Silurian as these are anterior to our own), the hypothesis of 
evolution, when carried to the extreme length of which it seems susceptible, 
requires that in that same Silurian period the ancestors of the present living forms 
must have existed, and that their life had continued by inheritance through all the 
ramifications of a single genealogical tree down to our own time — the branches of 
the tree, it is true, here and there falling away, with the extinction of whole genera 
and families and tribes, but still some always remaining to carry on the life of the 
base through a period of time to all intents and purposes infinite. It is true that 
in a few cases a continuous series of forms, regularly passing from lower to higher 
degrees of specialization, and very probably connected with one another by direct 
descent, may be followed through long geological periods — as, for example, the gra- 
duated series, already alluded to, which may be traced between certain mammals of 
the Eocene and others living in our own time, as well as the very low forms which 
have come down to us, apparently unmodified, from the epoch of the Chalk ; but 
incalculably great as are tliese periods, they are but as the swing of the pendulum 
in a millennium, when compared with the time which has elapsed since the first 
animalization of our globe. 

Is the faculty of reproduction so wonderfully tenacious as all this, that through 
periods of inconceivable duration, and exposed to influences the most intense and 
the most varied, it has still come down to us in an unbroken stream ? Have the 
strongest, which had survived in the struggle for existence, necessarily handed 
down to the strongest which should follow them the power of continuing, as a per- 
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petual heirloom, the life which they had themselves inherited ? Or have there 
Deen many total extinctions and many renewals of life — a succession of genealo- 
gical trees, the earlier ones becoming old and decayed and djdnff out, and their 
place taken by new ones which have no kinship with the others r Or, finally, is 
the doctrine of evolution only a working hypothesis, which, like certain algeoraic 
fictions, may yet be of inestimable value as an instrument of research ? For as the 
higher calculus becomes to the physical inquirer a power by which he unfolds the 
laws of the inorganic world, so may the hypothesis of evolution, though only an hy- 
pothesis, furnish the biologist with a key to the order and hidden forces of the world 
of life ,* and what Leibnitz, and Newton, and Hamilton have been to the physicist, 
is it not that which Darwin has been to the biologist ? 

But even acce];)ting as a great truth the doctrine of evolution, lot us not attribute 
to it more than it can justly claim. No valid evidence has yet been adduced to 
lead us to believe that inorganic matter has become transformed into living other- 
wise than through the agency of a preexisting organism ; and there remains a 
residual phenomenon still entirely unaccounted for. No physical hypothesis, 
founded on any indisputable fact, has yet explained the origin of the pnmordial 
protoplasm, and, above all, of its marvellous properties, which render evolution 
possible. 

Accepting, then, the doctrine of evolution in all freedom, and with all its legiti- 
mate consequences, there remains, 1 say, a great residuum unexplained by physical 
theories. Natural selection, the struggle for existence, the survival of the fittest, 
will explain much, but they will not explain all. They may oiler a beautiful and 
convincing theory of the present order and fitness of the organic universe, as the 
laws of attraction do of the inorganic ; but the properties with which the primordial 
protoplasm is endowed (its heredity and its adaptivity) remain unexplained by 
them j for these properties are their cause, and not their effect. 

For the cause of this cause we have sought in vain among the physical forces 
which surround us, until we are at last compelled to rest upon an independent voli- 
tion, a far-seeing intelligent design. Science may yet discover, even among the 
laws of physics, the cause it looks for j it may be that even now we have glimpses 
of it — that those forces among which recent physical research has demonstrated so 
grand a unity (light, heat, electricity, magnetism), when manifesting themselves 
through the organizable protoplasm, become converted into the j)henomena of life — 
and that the poet has unconsciously enunciated a great scientific truth when he 
tells us of 

“ Gay lizards glittering on tho walls 
Of ruined shrines, busy and bright, 

As though they were alivt with lights 

But all this is only carrying us one step back in the grand generalization. All 
science is but the intercalation of causes, each more comprehensive than that 
which it endeavours to explain, between the great primal cause and the ultimate 
effect. 

1 have thus endeavoured to sketch for you, in a few broad outlines, the leading 
aspects of biological science, and to indicate the directions which biological studies 
must talce. Our science is one of grand and solemn import ; for it embraces man 
himself, and is the exponent of the laws which he must obey. Its subject is vast ; 
for it is life, and life stretches back into the illimitable past, and forward into the 
illimitable future. Life, too, is everywhere. Over all this wide earth of ours, from 
the eqfuator to the poles, there is scarcely a spot which has not its animal or its 
vegetable denizens — dwellers on the mountain and on the plain, in the lake and on 
the prairie, in the arid desert and the swampy fen — from the tropical forest, with its 
strange forms and gorgeous colours and myriad voices, to the ice-fields of polar 
latitudes and those silent seas which lie beneath them, where living things un- 
known to warmer climes congregate in unimaginable multitudes. There is life all 
over the solid earth ; there is life throughout the vast ocean, from its surface down 
to its great depths, di eper still than the lead of sounding-line has reached. 

And it is with these living hosts, unbounded in their variety, infinite in their 
numbers, that the student of biology must make himself acquainted. It is no light 
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task which lies before him — no mere pastime on which ho may enter with trivial 
purpose, as though it were but the amusement of an hour; it is a ^reat and solemn 
mission, to which he must devote himself with earnest mind and with loving heart, 
remembering the noble words of Bacon : — ^ , 

^‘Knowledge is not a couch whereon to rest a searching and restless spirit ; nor 
a terrace for a wandering and variable mind to walk up and down with a fair 
prospect; nor a tower of state for a proud mind to raise itself upon ; nor a fort or 
commanding ground for strife and contention ; nor a shop for profit and sale ; but 
a rich storehouse for the, glory of the Creator and the relief of man’s estate.” 


Botanv. 

On Parasitic Algce. By Arckkr. 


On a Tree-Aloe from South-East Africa. By T. Baines. 


On the Plants collected in Bermuda hy Mr. H. N. Moseley. 
By Professor Thiselton Dyer, B.A. 


On the Crystals in the Testa and Pericarp of certain Plants^. 

By Professor Gulliver, F.K.S. 

The author, remarking how much microscopists have of late been interested by 
the diverse appearances on the surface of certain seeds, expresses his opinion that 
the value of observations of this kind might be much increased if they were carried 
a little deeper into the texture of the seed-coat and pericarp. In one or other of these 
parts he finds short prismatic crystals, apparently of oxalate of lime, constantly present 
in many plants, and as constantly absent from the same parts of other plants ; and, 
as regards the frequent and true remark that such crystals occur in numberless plants, 
he submits that this is no answer to the rational question as to the orders or species 
which are or are not characterized by certain saline crystals in the testa or other 
part of the plant. Illustrative drawings were exhibited of the crystals in Geranium 
and Bihes ; and of the crystals in Ul?7ius and Compositce engravings had been pub- 
lished in the ^ Quarterly Journal of Microscopical Science,’ July 1873, and ^Science 
Gossip,’ May 1873. In the present paper he describes the crystals in Tiliaceae, Ace- 
racefic, Geraniacese, Grossulariaceas, Compositos, Primulaceee, and Dioacoreaceas. 

The crystals occur regularly studded in plainly defined cells and, though, very 
variable in size, have an average diameter of about of an inch, and in form 
are square, oblong, lozenge-shaped, commonly belong to one or other of the pris- 
matic systems, but often are merely granular or otherwise irregular like certain starch- 
granules, though easily distinguishable therefrom by the iodine test. The author, 
in conclusion, expressed the hope that both neophytes and experts would pay more 
attention to this branch of phytotomy, especially as such observations, and the 
minute structure of plants generally, have been and still are sadly neglected in 
even the most compr^ensive books of descriptive botany and micrography. 


On the Mosses of the West Riding of Torhshire, By Charles P. Hobeire, 
President of Huddersfield Naturalists^ Society 

The list of West-Kiding Mosses at the end of this paper, numbering nearly 300, 
chiefly mafie up from the author’s own observations and those of his friends, was 

* Printed in with additions and a plate in the * Monthly Microscopical Journal ’ 

for December 1873. 

t Published in exfemo in the ‘Journal of Botany,’ New Series, rol. ii. p. 327 ef icq. 
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prefaced by a abort introduction, descriptive of the principal geological features of 
the district. He then showed the course of the various riversheds, and the work 
which has been done in each. The Wharfe, Upper Aire, and C alder are the best 
worked for mosses, the others having been scarcely touched upon yet. 

Many rarities have already been found ; and when the other more southern dis- 
tricts have been thoroughly examined, the author was of opinion that the list of 
Mosses would be largely increased. Ho then described a few of the principal new 
and rarer species, and concluded by recommending the West-Hiding botanists to 
direct their studies to the Mosses. 


Oil the Siihalpine Vegetation of Kilimanjaro^ E, Africa 
By Dr. J. D. Hooker, G,B., KRS. 


Bsmarhi on Plants collected by the Voyager Dampier, 
By Professor Laavson, M.A, 


On a Course of Practical Instruction in Botany. By Pfofes?or LvwsoN, M.A. 


On the Vegetation of Bermuda. ByTL. N. Moseley. 


On some of the Changes going on in the South- African Vegetation through the 
Introduction of the Merino Sheep. By Joirx Shaw. 

The author commenced by referring to the fact that civilization and Merino 
sheep had introduced one obnoxious plant (the Xanthium spinosum) into the 
sheep-walks of South Africa. As its achenes get into the wool and seriously 
injure its value, the Government have legislated for its compulsory destruction. 
In the Orange-River Free State, where there was no legislation on the weed until 
lately, wool had become so filled with these that its value was deteriorated nearly 
50 per cent. Sheep also, in consequence of the overstocking of farms in the inland 
districts of the Cape, are doing very serious injury directly by eating down the 
better and more agreeable plants, giving r.xnge to poisonous and bitter ones, and 
even so changing the climate as to make the country better suited to the plants of 
the neighbouring regions, which march into tlie slieep- walks to aid the sheep in 
thrusting out and extirpating the indigenous flora. 

After sketching the distrioution of plants in South Africa, the author went on 
to particularize the character of the prairie-like midlands of the Cape, with their 
luxuriant grass and vegetation. Since sheep have been introduced the grass has 
fast disappeared, the ground (by the hurried march of the sheep for food amongst 
a scattered bush) has become beaten and hardened, and the seasonable rains which 
do come are accordingly allowed to run off the surface without soaking into the 
ground to the extent formerly the case. The country is thus drying up, the foun- 
tains becoming smaller and smaller, and the prospect is very clear that the midland 
regions will turn into a semi-desert. Indeed the plants of the singular regions 
known as the Karoo, in the south-west of the Capo (which from its position is 
locked in to the north and south by mountains, and is favoured little by rain), are 
travelling northwards rapidly and occupying this now similar dry tract of country. 
The herbage is essentially a Karoo one already. It contains most prominently 
Karoo plants, such as the Chrysocomas and the Elytropappi, 

The author further referred to the great increase of poisonous and bitter herbage. 
It is dangerous to have stock in many farms, which formerly were free from any in- 
j urious herbs. Long stretches of the colony are abundantly occupied by Melicce, which 
are eaten by the oxen and cause intoxication, to the serious hindrance of transport. 


1873. 


^ Printed in extenso in the Journal of the Linnean Society. 
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On Fern-^stems and Petioles of the Coal^ineasurcSi 
By Professor W. C. Williamson^ F.E.S. 

The author described the structure of several stems of Calamites and Lycopodia- 
ceous plants from the Coal-measures, in which a thick vascular zone intervened 
between a central pith and an outer bark, and which zone increased in thickness 
by successive additions made to its external surface through the genetic agency of 
the innermost layer of the bark. Adopting these plants as typicm representatives 
of a condition wholly unknown amongst living Cryptogams, ne called attention to 
a series of stems from the Coal-measures whicn bore the appearance of being the 
petioles aiVd rhizomes of ferns. One of these, to which he had previously assigned 
the provisional name of Fdj'avylon^ he now showed to be an undoubted fem, since 
he has obtained it with leaflets attached to it. This plant proves to be one of the 
species of Peco^dei'in in which the rachis and petiole is covered with minute tubercles, 
as in some recent Cyatheas. After examining a series of other stems, including the 
Stauropteris of Binney and the T^ygoptens Lacatti recently described by M. llenault, 
he examined the Palniacites carhoiiigenus of Corda, and which latter has generally 
been regarded as a palm. The author rejected this view, and came to the conclu- 
sion that the plant was a fern allied to the Marattiacese of the present day. In none 
of the above plants was the slightest trace of the exogenous growth so common 
amongst the Ly copods and Calamites to be found. But the author thought it pro- 
bable that the Heterangium Orieviiy recently described by himself in a memoir 
now being printed by the Iloval Society, and in which a very feeble attempt at the 
development of such a growth was obsen^able, might prove to be a fern. But even 
in that case the instance was such an isolated one, so far as our present knowledge 
extends, and the growth was so feebly developed, that it merely appeared like one 
of those exceptions which prove the rule. It only indicated the absence in natiue 
of those sharply defined boundary lines which the systematist is e\'er seeking to 
establish, but within which nature refuses to be restrained, 


On the Flora of the Environs of Braclforch Ey Dr. Willis. 


ZoOLoGr. 

On sovne Recent Results with the Eowing-nct on the South Coast of Ireland, 
By Professor Allman, 

1 . Miirariai 

Only a single specimen was obtained of the little Milraria which formed the 
subject of the present communication ; and neither its structure nor developme nt was 
made out as completely as could have been wished. Ifrom the Me diterranean species 
described in a former communication (British Association litport for J872), it differs 
in some points of structure and in the mode of annulation of the developing worm. 
It possesses the usual Mitraria-form — that of a hemispherical dome, having its 
base encircled by a band of long vibratile cilia. In the side of the dome, a little 
above the ciliated band, is the mouth, which lends into a rather wide pharynx 
clothed with a ciliated epithelium. The pharynx runs through the dome parallel 
to its base, and opens into a capacious stomach, whicli continues in the same direc- 
tion until it joins the intestine. This then turns down abruptly at right angles to 
the previous portion of the alimentary canal, and then projects for a short distance 
beyond the base of the dome, carrying with it, hemia-like, the walls of the base. 

The true body- walls of the future worm, of which the Mitraria is the larva, seem 
as yet confined to the intestinal segment of the alimentary canal. They already 
present the commencement of annulation, which, however, exists only on the 
dorsal and ventral sid^s ; while two broad bands of very distinct fibres may be seen, 
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one on the right and the other on the left side, extending transversely firom the 
dorsal to the ventral surface. 

The ciliated band ‘which runs round the base of the dome possesses a rather 
complex structure. It consists of two concentric rings — an outer one composed of 
larffe, oval, distinctly nucleated cells ; and an inner one of a granular structure and 
yellowish colour, in which no distinct cells could be demonstrated. The cilia form 
two concentric wreaths borne by the underside of the band — an outer wreath con- 
sisting of very long cilia, and borne by the inner edge of the outer portion of the 
band ; and an inner wreath of much shorter cilia, borne by the inner edge of the 
inner portion. The band, with its cilia, is interrupted for a very short space at the 
aboral side of the dome. There is probably at this spot an entrance into a water- 
vascular system. No such system, nowever, was observed in the specimen, though 
the author had described in another species of Mitvaria a system of sinuses which 
appear to exist in the walls of the dome, and which he regarded as representing a 
water- vascular system (Brit. Assoc. Iteport for 1872). 

Occupying the very summit of the dome is a large, somewhat quadrilateral 
ganglion, from which two distinct filaments are sent down, one on each side of the 
' alimentary canal ; but he was not able to follow these filaments to their destina- 
tion. The bilateral symmetry of the ganglion suggests its formation out of two 
lateral halves. Though its very superficial position gives it the appearance of 
being a mere thickening of the walls, the view here taken of its being a nervous 
ganglion seems to be the only one consistent with its relations to the surrounding 
parts. 

On each side of the pharynx, a little behind the mouth, is a small oval ganglion- 
like body, from which a filament runs to the ciliated band. Some delicate filaments 
may also be seen lying between the pharynx and the walls of the dome on which 
they seem to be distributed j but the author could not trace them to any distinct 
ganglionic centre, 

liie great apical ganglion carries two very obvious black ocelliform spots, and, 
besides these, two clear vesicles enclosing each a clear spherical corpuscle, The 
two vesicles may probably be regarded as auditory capsules. 

The further development of this larval form has not been observed. It probably 
consists chiefly in the continued prolongation of the alimentary canal beyond the 
base of the hemispherical dome, the completion of the annulatiou by its extension 
to the right and left sides, and the gradual contraction of the dome and final 
absorption of the ciliated band. 

2. Tomarta, 

Two specimens of the larval form originally discovered by Johann Muller, and 
described by him under the name of Tornarm^ were obtained j but these unfortu- 
nately perished before a sufficiently exhaustive examination of them could be 
made. On the whole, their structure agrees closely with what has been pointed 
out by Alex. Agassiz, in his valuable and elaborate memoir on Tomaria and 
Balanoyhssm. The species appears to be difiereut from those hitherto described. 
The gills had not begun to show themselves, and there were hut traces of the 
lappets described in other species as appended to the posterior extremity of the 
stomach. 

The author believed that he could distinguish a minute ganglion on each side of 
the oesophagus ; filameuts were sent off from it to the neighbouring pai’ts, and the 
two were connected to one another by a suboesophageal commissure. The water- 
vascular chamber was very distinct, but the so-called heart was not observed ; 
wliile within the body-cavity, lying close to the dorsal pore and over the canal by 
which the great water-sac communicates with the external medium, was a small, 
closed, rather thick- walled vesicle, conlaini'^ numerous oval corpuscles. Of the 
nature of this vesicle the author could not oflter any opinion. 

The cushion-like body which occupies the summit of the larva, exactly as in 
Mitraria, and supports the two ocelliform spots, was very distinct 5 and so also was 
the contractile chord which extends from this to the walls of the water-sac. Hie 
author, however, could not here, anymore than in 3Iitranaf regard the cushion-like 
body as* a mere thickening of the walls j he believed it to De a nerve-mass, end 
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thought he could trace two fine filaments proceeding from it and running down, onp 
towards the right and the other towards the left side of the alimentary canal j but 
he was not able to follow them for any distance, and he does not regard their 
existence as confirmed. The extremely superficial situation of this body, which 
makes it resemble a mere thickness of the walls, is paralleled by that of the great 
yentral nerve-mass in Sayitta, 

The contractile chord which runs to the water-sac is probably attached to a 
capsular covering of the ganglion, rather than directly to the ganglion itself. This 
chord, though showing strong contra ition3 by which the siinimit of the larva is 
drawn down towards the water-sac, is of a homogeneous structure, presenting no 
appearance of distinct fibrilLo or of other contractile elements. 

The author instituted a comparison between Tornaria and Mitraria. We have 
in both the external transparent pyramidal or dome-shaped body, with a lateral 
oral orifice and a basal anal orifice, enclosing an alimentary canal which is divisible 
into three regions, and takes a partly horizontal and partly vertical direction in its 
course from one orifice to the other^^ ; we have in both, near the base of the body, 
the circular hand which carries long vibratile cilia, accompanied by a row of pig- 
ment spots, and in both the ciishion-liko ganglion-carrying ocelli. 

From Mitraria^ Tornaria chiefly differs in the presence of the thick sinuous and 
convoluted bands which give it so close a resemblance to certain Echinoderm 
larvie, and which are entirely absent from Mitraruiy and in its water-vascular 
system, with tlie contractile chord which extends from this to the apical ganglion. 
If a water-vascular system is present in Mitraria, it consists there of a system of 
sinuses excavated in the walls of the dome, but without an}^ representative of the 
great central sac. In Mitraria the great apical ganglion carries not only the two 
ocelli, but also two capsules, probably auditory; these capsules do not exist in 
T(yrnaria, In Mitraria the two nerve-chords which the apical ganglion sends down 
one on each side of the alimentary canal are very distinct ; in IWmria, if they 
exist at all, they are by no means obvious. Finally, the ciliary circlet is simple in 
Tornaria, wliile in Mitrat'ia it is double. 

According to Alexander Agassiz’s account of the development of Tornaria into 
Balanoglossm, the great transverse circlet of cilia becomes, by the elongation of the 
body, gradually pushed backwards, so as to form the anal ciliated ring of the young 
worm. In Mitraria the great ciliary circlet remains unchanged in position, and is 
probably ultimately absorbed, the worm during its development acquiring a new anal 
wi*eath of cilia. 

3. Amctrangia liemisphcerica (nov. gen. et sp.). 

Among the most abundant products of the to wing-net was a little hy droid 
Medusa, remarkable for the want of symmetry in the distribution of its gastro- 
vascular canals. It is of a hemispherical form, with llie base about half an inch in 
diameter, and provided with veiy numerous (more tlian 100) marginal tentacles, 
which are very extensile, and may at one time be seen floating to a length of three 
or four inches, and at another coiled into a close spiral against the margin of the 
umbrella. Each tentacle originates in a bulbous base with a distinct ocellus. No 
lithocysts are visible on the margin, The velum is of moderate width. 

The mantibriiim forms a small projection from the summit of the umbrella, and 
terminates in four rather indistinct lips. From the base of the manubrium three 
rather wide offsets are sent off at equal intervals into the walls of the umbrella. 
These gradually contract in diameter, and then, as three narrow tubes of uniform 
diameter, run towards the margin^ where they open into the circular canal. The 
symmetry of the radiating canals is confined to these three primary trunks. From 
their wide proximal ends each sends off branches, some of which may be traced to 
the margin, where, like the three primary canals, they enter the circular canal ; while 
othera can be followed for various distances in the umbrella- walls, in which they 
terminate by blind extremities without ever reaching the margin. These branches 
are very irregular in the number sent oft’ from each primary canal as well as in 
their length and directions. 

In the species of Mitraria described by J. Muller and by Meeznikoff, both Oral and 
anal orifices arc basal, and the alimentary canal presents a U-Bhaped curvature. 



TRANSACTIONS OF THE SECTIONS. 


109 


Tlie generative elements are formed in oval sporosacs, developed one on each of 
the three primary canals at the spot where the wider base passes into its narrower 
continuation. The ova may he seen within them in various stages of development ; 
they increase considerably in size before the commencement of segmentation, always 
showing up to that period a large and distinct germinal vesicle with germinal spot, 
and with a distinct nucleolus in the interior of the germinal spot. The development 
of the ovum proceeds within the sporosac to the segmentation of the vitellus and 
the fomiation of the planiila, which now breaks through the outer walls of the 
sporosac and remains for some time adhering to their external surface. The planula 
differs remarkably from the typical hydroid planula. It remains of a nearly sphe- 
rical form, never acquiring cilia, and possesses little or no power of locomotion. 
The gastric cavity, however, is fully formed. The author was unable to follow the 
ova in their further development. 

The little Medusa now described departs in several important points from the 
t>q)ical hydroid ^Medusa. From this it differs in the ternary disposition of the pri- 
mary radiating canals, and in the irregular non-symmetrical arrangement of those 
which are subsequently formed. Among the very many specimens examined, the 
author never found any in which the canals had become regular in their disposi- 
tion, even in those wliich had discharged tlie contents of thtdr sporosacs, and had 
evidently attained the term of tluur ('xistence. It differs also from the typical 
Medusa in the form and n on-ciliated condition of the planula ; and still further in 
the fact that while the generative elements are borne on sporosacs, developed ou 
the radiating canals, the marginal bodies arc ocelli and not lithocysts, 

4. Circe invertens (nov. sp.). 

Among the hydroid Medusae captured in the towing-net were tw^o or throe spe- 
cimens of a species referable to the genus Circe of Mertens. It measures about 
lialf an inch in its vertical diameter and about a quarter of an inch transversely. It 
is cylindrical from its base upw^ards for about two thirds of its height, and then 
contracts abiuptly and arches dome-like towards the truncated summit, 'which is 
surmounted by a solid cone of the gelatinous umbrella substance. From the 
summit of the umbrella-cavity, a solid somewhat fusiform extension of the roof 
hangs down in the axis of its cavity for about two thirds of its depth, and at its free 
end carries the manubrium, which extends nearly to the codonostome. The margin 
of the umbrella carried eighty very short and but slightly extensile tentacles, which 
were connected at their bases by a very narrow membranous extension of the 
margin, with rather irregular free edge. lAthocysts are situated at irregular 
intervals upon the margin. There are about sixteen of them j they consist each of 
a minute spherical vesicle with a single large spherical concretion. There are no 
ocelli. There is a moderatedy wide i elum. 

The radiating canals are eight in number. They spring from the base of the 
manubrium, run up the sides of the solid process which hangs from the summit of 
the umbrella, pass from this to the walls of the umbrella, and then run down to- 
wards the margin in order to open into the circular canal. 

The generative elements are borne in pendent sporosacs, which spring from the 
radiating canals close to the summit of the umbrella-cavity. 

The motion of the Medusa takes place by means of sudden jerks, reminding us of 
the way in which certain Diphyidfe dart through the water. 

The Medusa possesses also a very singular habit of partial inversion. This takes 
place along the line which separates the dome-like portion of the umbrella-cavity 
from the lower cylindrical portion, and consists in the withdrawal of this dome-like 
summit and the lower portion of the cavity. When thus inverted, the little animal 
presents a drum-shaped form, with the manubrium hanging far out of the 
codonostome. 

Alexander Agassiz considers the genus Circe of Mertens synonymous with 
Trachyncma^ Gegenbaur, and points out that the name of Circe has been already 
used for a genus of Mollusca, He further removes it from among the true hydroid 
Medusae, and, regarding it as closely allied to the Mginidm^ places it along with 
those in the Haplostomcey Agassiz, a suborder of the Discophora, 
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The author, however, could not see sufficient grounds for the removal of Mertens’s 
genus from the true Hydroida^ with which the Medusa now described agrees in all 
essential points, including the form and disposition of the gastrovascular and 
generative systems and the structure of the marginal lithocysts. Neither could he 
agree with Alexander Agassiz in identifying it with Trachymma, The greatly 
developed solid peduncle by which the manubrium in Circe is suspended from the 
summit of the umbreUa-cavity (in a way, however, which has its parallel in Tima 
among others), is of itself a character of generic importance by whicli Circe must be 
kept apart from Trachyncma, It is true that Gegenbaur’s Trachynema has the 
character of a young form ; and until we have further evidence of its adult state its 
affinities cannot be regarded as established. 

Gegenbaur believes that ho has established the direct development of Trachy^ 
nema from the egg without the intervention of a liydriforni trophosomo j but 
unfortunately we have no data by which to compare in this respect Circe with 
Trachynema, 

It must be admitted, too, that in the imperfect contractility of the marginal ten- 
tacles and in the somewhat greater firmness of the umbrella-walls the little medusa 
described in the present communication possesses characters which look towards the 
jEyinido } ; but these are by no means sufficiently strong to justify its separation from 
the ordinary hy droid Medusae. 

5. Tomoptcris. 

A* few young specimens of this beautiful little worm were obtained ; and the 
author was enabled to confirm the statements of Grube and of Keferstein, who 
describe in it a double ventral nerve-chord, though otln'r obs(‘rvers hav(? failed to 
discover tliis part of the nervous system, and throw doubt upon its existence. In 
adult specimens examined some years previously by the author no ventral chord 
could be detc'cted. 

The ventral portion of the nervous system consists of two flat ribbon-shapt'd 
chords, which are given off from the inferior side of the nerv’e-ring wdiich surrounds 
the pharynx just behind the mouth. These run parallel to one another, separated 
by a parrow interval ; they lie on the ventral walls of the animal, and may be 
traced through the naiTow tail-like termination of the body as far as its exti'emity. 
They present no ganglionic swellings ; but opposite to every pair of feet each sends 
off a filament which passes to the foot of its own side, in wnich it is distributed. 

Dr. Anton Dohrn has just informed the author that ho, too, has distinctly seen 
the ventral chord of Tomopierh, 


Oil the Distribution of the Antelopes in Southern and Western Asia. 
By W. T. BLAyroni). 


On the Fauna of Persia. By W. T. Blanford, F.G,S.<, C,M.Z,S. 

Persia being situated on the limit of the region occupied by the Paloearctic fauna, 
presents in different parts of the country several peculiarities, in consequence of 
types belonging to the Indian and desert faun© being largely intermixed with each 
otner, and with those peculiar to the Palmarctic pro^nnee. 

In the extreme north the animals are identical with those of the neighbouring 
parts of Europe and Asia, the steppe fauna of Southern Russia being met with in 
the open pi^s of the country,* whilst the dense forests of the shores of the Caspian 
are chiefly inhabited by the same animals as occur in the woods of South-eastern 
Europe and Asia Minor, mixed, however, with a few Asiatic tjpes, as the tiger, the 
common pheasant, and a crotaline snake {Halya), Throughout the greater portion 
of the Persian territory the fauna is of the desert type, marked by the prevalence of 
such forms as Equm hemwnus^ GazidlUy GerhiUus^ Jhiteo feroXj Gyps ftdvusj Buca- 
mtes githagineuSf Pterocksj and Houharaj EremiaSj Psammophisj EryXf &c. ; whilst in 
the south the purely Pal©arctic forms either disappear entirely, or are represented by 
winter migrants only, and several Indian forms make their appearance, e, g. Gazelta 
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bennettif Sciurus palmarum, Athene hramay Coracias indicay Pratincola ca^ata. 
Passer {Gymnori^JlavicoUisy P. indicusy Ortygomis pondiceriana, Acanthodactrjlm 
cantorky and Cahtes versicolor. Several of these extend as far west as the head of 
the Persian Gulf, hut they rarely occur above elevations of 3000 feet above the sea. 
With the above are associated some animals hitherto only found in Baluchistan and 
Sind, and a few forms previously only known from North-eastern Africa or Arabia. 
The whole of Persia may thus be divided into three principal regions, — the forest 
countries of Ghilan and Mazendaran on the Caspian, and probably the wooded slopes 
on the eastern border of Mesopotamia, extending south to the neighbourhood of Shi- 
raz, the fauna of which is essentially European ; the plateau of Persia, which is 
occupied by a mixture of Palasarctic and desert forms ; and Southera Persia with 
Baluchistan, inhabited chiefly by Indian and dtJsert types. 


So’iiie liemarl's on the Molluscci of the Mediterranean. 

By Z. Gwyn Jeffreys, F.R.S. 

After noticing the numerous writers on this subject, from Aristotle to modern 
authors, Mr. Jetireys remarked that the Mediterranean had long been debatable 
ground witli respect to the division of the European seas into zoological pro- 
vinces. lie referred to ^ The Natural History of the European Seas,^ by the late 
Professor Edward E orbes and Mr. Godwin-Austen, and said that he agreed with 
the latter in his view that the ]\[editerrauean is “ a vast lateral expansion 
of the Atlantic,” and not only in its physical aspects, but in most of its 
natural-history productions ; and he believed that the missing links would sooner 
or later bo diacovercid. The newest and most complete list of the Testaceous 
Mollusca of the Mediterranean is that by the Marquis de Monterosato, which 
gives 758 species. Mr. Jeffreys proposed to deduct 31 of these species for probable 
varieties, and to add 3t) species from the ‘ Porcupine ’ and ^ Shearwater’ expe- 
ditions, making altop-ether 7(30 Testaceous or shell-bearing species. The Nudi- 
branchs and other naked or shell-less Mollusca described by Philippi (33 species), 
as well as the Cephalopoda described and figured by Verany (43 species), being 
added to the Testaceous species, there results a total number of 842 Mediterranean 
species. Of these no less than 022 species inhabit also the North Atlantic, so that 
only 222 species are at present supposed to be peculiar to the Mediterranean. 
Lists of the 30 and 222 species are suojoined j and the author fully expected that 
most if not all of those in the latter category would be hereafter found in the 
North Atlantic. According to the author’s work on ‘ British Conchology,’ there 
are 502 species in our own seas, exclusive of those dredged beyond the line of 
soundings in the ^Lightning’ and ^Porcupine’ expeditions. One of the most 
interesting results of the ^ Porcupine ’ expeditions consisted in the discovery at 
considerable depths of living species of Mollusca which had been previously known 
as fossils only and were regarded as extinct. Many of these species occur in the newer 
Tertiarv beds of Sicily, and a list of them is likewise subjoined. The author said 
in conclusion : — Wo all profess to study the great book of Nature. But before w© 
study we must be able to read ; and who can say that he has read a single page, 
much less a whole chapter, of this mysterious volume ? The sole knowledge w© 
possess of the deep-sea Mollusca of the Mediterranean (those which inhabit depths 
exceeding 500 fathoms) is derived from a few casts of the dredge made in the 
^ Porcunine ’ expedition of 1870. The space thus partially explored was not much 
larger than this room, while the area of the Mediterranean contains many hundred 
thousands of square miles. Let us therefore compare the extent of our researches 
in this small nook or offset of the Atlantic with that of the work yet to be under- 
taken throughout the almost boundless area of the mighty ocean ; and having made 
the comparison let us reflect, and then humbly confess our ignorance.” 

In replying to questions, Mr. Jeffreys said that the Suez Canal might hereafter 
lead to an interchange of the Mollusca ; but ho was not satisfied that more than 
one species (Ringicula auriculata') was common to the Mediterranean and the 
Red Sea. 



m 


REPORT — 1873. 


Additiom to the Marquis de Monterosatoh Catalffue of Mediterranean SheUs, 
From the ^ Porcvinne^ and ^ Shearwater^ expeditions, 

CONCHIFERA. 

P. Fhuroncctia Imnsj Jeftr. MS. A single valve only. Off Easel Amousli, coast 
of Tunis, 45 fathoms. 

P. Mytilus incurvatu^j Philippi (Modiola), Station 5Ca ) 152 f. Fossil at Piagga 
in Sicily. 

P. Nucida tumidulaj Malm. St. 55 ; 145C f. Atlantic also. 

P. convexa^ Jeffi*. MS. 40-1456 f. Allied to A", hut more convex and 

square, 'with a straight cartilage-pit. 

V, Solcnelta cuneata^ Jelfr. MS. St. 51 ; 1415 f. Very distinct from S. ohtimty 
Sars. 

P. Leda luridajljOYon. St. 55; 1456 f. Atlantic. 

P. ohlonyay Jefl’r. MS. St. 55 ; 1450 f. 

P. suhrotundoj Jeflr. ISIS. St. 55; 1456 f. 

P. Limopsis auritoy Procclii. Adventure Bank, 02 f. Atlantic also. 

N.B. Gouldia hipartita of Monterosato’s Catalogue has a conspicuous 
external ligament, and is a true Astarte. 

Specimens oi Astarte trianyidar is yoi the same size and apparently of the 
same age, have the inside of the margin indillerently notched or quite 
smooth; some are notched, while others twice the size arc smooth. All 
these specimens were dredged in the same spot. 

S. Cardita incurvay Jeffr. MS. Fossil in Sicily (Monterosato) ! 

P. Xyon^m /'orn.’o^f/, Jeflr. MS. St. 55; 1456f. Atlantic akso. 

P. Kecera ohesoy Lov. St. 55; 1450 f.; Adventure Bank, 02 f. Atlaiitic also, 
from Norway to the coast of IVidugal. 

P. Pecchiolia insadpta, Jeflr. MS. OlfJijeli, 40-S0 f. 

P. Pholadomya Loveniy Jeffr. MS. St. 55; 1456 f. A fragment only, but 
unmisiakable. Atlantic also. 

SOLENOCONCIIIA. 

P. FentalivAn inccrixmy Ph., =Z>, ayilcy Sars. Advcntui'o Bank, 02 f. Atlantic also. 

Gastropoda. 

S. Teetura fxdvayMxdXor. Atlantic also. 

P. Propilidimn scahrumy Jeffr. MS. Adventure Bank, 02 f. Besembling the 
young of Gadinia Garnoiiy but having the internal fceptiim of Propilidivm, 

P. Trochtts hionqtdidmy pAQhy^^eXdy = F. f/tV? S. AVci d. Off Algesiras, 1-15 f. : 
St. 50; 51 f. 

P. sxdtnalisy I’h. St. 45 ; 207 f. ; ofl' Basel Amoush, 45 f. Atlantic also. 

p. scahrosusy Jeffr. MS. St. 55 ; 1456 f. 

P. Turbo Romeitaisisy ^e^wonmy 'bis. St. 45; 207 f. 

P. Jtissoa suhsolutoy Aradas. St, 50 ; 51 f. ; St. 55 ; 1456 f. Advcntuie Bank, 02 f. 
Atlantic also. 

p. tcmuiscidptoy Jeffr. MS. St. 53; 112 f. : Adventure Bank, 02 f. Atlantic 

also. 

P. Odostomia fiexuosay Jeffr. MS. St. 50 ; 51 f. : St. 55 ; 1456 f. Adventure Bank, 
92 f. Atlantic also. 

P. pulchraj Jeffr. MS., a=0. canaliculatay Ph. ? Adventure Bank, 92 f. 

p, (Chemniizid) acutecostata, MS. St. 45 ; 207 f.: off Basel Amoush, 

45 f. 

P. ( Chemnitzia) paucidriata, Jeffr. MS. Benzert Hoad, 40-66 f. Atlantic also. 

P. (Eulimella) pra^longa, Jeffr. MS. St. 50; 51 f. ; St. 55; 1450 f. Adven- 

ture B^k, 92 f. Atlantic also. 

p. {Eulimella) unifasciata, Jeffr. MS., ?^Eul{matinifasc{ata,FoxheB, Adven- 

ture Bank, 92 f. 

P, Triforh asperoy Jeffr, MS. Adventure Bank, 92 f. Atlantic also. 
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P. CerithiopsU horridaj Jeffr, MS. Off Easel Amoush, 45 f. Smyrna also 
(M^Vndrew) ! 

r. fibula, Jeffr. MS. St. 45; 207 f . : Benzert Eoad, 40~C5f: off Easel 

Aiuoush, 45 f. : Adventure Bank, 92 f. Canaries also (M^Andrew) ! 

P. Defrancia Jeffr. MS. Gif Easel Amoush, 45 f. 

P. (jibber a, Jeffr. MS. St. 50; 51 f. : Adventoe Bank, 92 f. 

1*. Pleurofoma nodulosa, Jeffr. MS. St. 55 ; 1450 f. 

1\ Ulrindus slriatulf(s, Jeffr. INIS. St. 45 ; 207 f. 

P. Adrean f/l()hulinus,FoYh. Adventure Jiank, 92 f. ^gean (Forbes) . Atlantic also, 
P. Jiii/la liubrolunda, Jeffr. MS. OffJijeli, 40-80 f. Atlantic also. 

P. rhiline Jlvi imcij Sars. St. 45 ; 207 f. Norwegian also. 

59 species, 

Mcdiivrrnuean Species which have not yet been noticed as AtUintic, 

M. Meiiterosato’s catalogue. P. ‘ Porcupine ’ expedition, 

S. ‘ Shearwater ’ expedition. 


]5« VCIIIOPODA. 

M. Argiope cordata, ]h\so, 

=:X. Neapolitana, Scacchi. 

M. Thecidium MedileiTaiieiiin, lli'^so, 

('dscjuvfaxa. 

M. Pecteii hyaliiins. 7V/. 

P. Pleiironectia la'\ i>, Jeffr. MS. 

^I. Pinna nobilis, Lifui. 

M. Mytilus niiiiinius, Poli. 

P. incurvatus, Pit. 

M. Lithodoinus litluipliagus, X. 

M. Creiu'lla aiM^naria, Martin. MS. 

P. Nucula convexa, MS. 

1*. Leda oblongn, Jeffr. MS. 

subrotunda, Jeffr. MS. 

P. Solencdla cuneata, Jeffr. MS. 

INI. 3lontacuta seinirubi'a, Monterosato. 
M. Scaccliia ovata, Ph. 

S. Cardita incurva, J<ffr. MS. 

M. Cardium liians, Prveehi. 

]\[. erinaceus, X. 

M. oblongum, Chemnitz. 

M. Crassatella planata, Calcara, 

=Gouldia inodcsta, XT. Adams. 
M. ^ \nius cygnus, LamareJe. 

effossa, Bivona. 

M. Tellina nitida, Poli. 

M. Venerupis Lajonkairi, Payraudeau. 
P. Peccliiolia insculpta, Jeffr. MS. 

M. Clavagella INlelitensis, Bruderip. 

M. angulata, Ph. 

M. Teredo minima, I)e BlainviUe. 

SoLENOCONCIITA. 

M. Dentalium rubescens, Deshayes, 

M. Oadulus OTiiliim, Ph. 

GASTIlOrODA. 

M. Chiton olivaceus, Spenylcr, £=C, Si- 
culus, Gray. 


M. Chiton rubicundus, O. G. Costa, 

= C. pulchellus, Ph. 

M. Eissoi, Payr. 

U. Polii, Ph. ■ 

M. Patella ferruginoa, Gmelin. 

V. Propilidium scabrum, Jeffr. MS. 

M. Emarginula Adnatica, O. G. Costa, 
]V[. Iluzardi, Payr. 

M. solidiila, 0. G. Costa. 

!M. Fissiirella costaria, lkiste7'ot. 

M. Schismope striatula, Ph. 

M. Gyclostrema exilissimum, Ph. 

M. Jeffrey si, M outer. MS. 

M. Trochus fanulum, Gm. 

M. Guttadauri, Ph. 

M. Adansoni, Payr. 

M. Sprat ti. Forbids. 

M. pygnitTiis, Ph. 

yr. di\ancatus, X. 

]M, unidentatus, Ph. 

P. biaupulatus, Eahw. 

P. scabrosus, Jeffr. MS. 

M. Claiiculus crucialus,X., =Monodonta 
Meilloti, Payr. 

M. glomus, Ph. 

M. Jussieui, Payr. 

]\r. Phasianella spociosa, Miihlfcld. 

]\r. Turbo sanguineus, X. 

P. Eomettensis, Sey. MS. 

M. Fossarus costatus, Brc. 

M. Ervilia Mediterranea, Monter. 

M. Eissoa auriscalpium, X. 

M. cingulata, Ph. 

M. — Lancise, CVc., =E.Philippiana, 
Jeffr., =Alvania tessellata, 
Schicart, 

M. Caribsea, D'OrUgny, = Al- 

vania subareolata, Monter, 

M. aspera, Ph, 

M. — scabra, Ph. 

M. mutabilis, Schw., = Canariensie, 

D’Orft.P ’ 

M. tenera, Ph, 
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M. Kiasoa rudis, PL 

M. — Maderensis, Jeffr. MS, 

M. fusca, PL 

M. contorto, Jfffi'. 

M. Jefireysia inflata, Jeffr. MS, 

M. Alleryana^ Benoit^ MS, 

M. cylindrica, Jcfft', 

M. CaDCiim Chieregliinianum, Bvusina, 
]M. Vermetus arenariiis, L, 

]\[. triqueter, Bk\ 

M. — glomeratiis, Biv, 

]\I. subcancellatus, Biv, 

M. Siliqiiaria anguina, L. 

]\r. Turritclla subangulata, Brc, 

M. Scalaria Cantrainei, Weinkauffy 
=S. miiricata, Tiheri. 

i\[. frondiciila, S. Wood. 

M. bispidula, Monter. MS. 

I\L pulcherrima, Monter. MS. 

yf. Monterosati, Do Stefan is^ MS. 

M. Odostomia polita, Biv.., =()d()nto- 
stonia Sicula^ Ph. 

vitrea, =0. n<‘j>:’ecta, Tih., 

= 0. elegans, Mo)der. 

;M. canaliculata, Ph.y =0. interme- 

dia, Brus, 

]\L obliquata, Ph. 

M. tricincta, Jeffr. 

M. intemodula, S.Wood. 

M. strialula,i., =0.varic(Ksa,7v>/7>., 

= 0. pallida, Ph. 

M. unifasciata (Eiilima), Forh, 

1>. acutecostata, Jeffr. MS, 

M. J^mlima microstoma, Bnis. 

M. Jeflreysiana, Brns, 

M. Xatica Dillw}mii, Payr. 

M. marmorata, II. Adams. 

jM. Giiillemiiii, Paijr, 

M. Josephinia, Rissoy =X. olla {I)e 

Sery'cs), Ph, 

M. Solarium pseudoperspcctiviim, Brc.y 
=S. discus, Ph, 

3L G}Tiscus Jeffreysiamis, Tih. 

M. Architea catenulata, A. CostUy = Cy- 
clostoma delicatum, Ph. ? 

M. Xenophora Meditorranea, Tih, 

M. Sigaretua striatus, Be Serr,, =S. ba- 
liotoideus, PL 
M. CanccUaria coronata, Sc, 

M. Cerithium conimmjDeBl.y =C. Sar- 
doum and C. Peloritanum, Can- 
traine, 

M. costatum, Ba Coday = C. am- 

biguiim, C, B. Adamsy =C. La- 
fondi, Michaud, 

M. elegans, Be Bl.f ==C. lacteum, 

PL 

P. Coritbiopsis borrida, Jeffr, MS, 

M. Triton SeguenzsD, Aradas ^ Benoit, 
=T. variegatus, PL 


M. Eanella reticulata, Be BL, ssK. Ion- 
ceolata, PL 

M. Typhia tetrapterus, Bronn, 

]M. Trophon pulcliellus, Ph, 

M. Syracusanus, L. 

M. craticulatus, L,, =T. Brocchii, 

Monter, 

M. Murex scalaroides, Be BL, =M. di- 
stinctus (Be Cristofori cV Jan), 
Ph, 

M. Lacbesis gi’anulafa, I'd), 

yi. lineolata, Tih. 

M. Folineio {^Belle Chiaje), PL, = 

L. areolata, Tih, 

M. Pisnnia picta, Sc., =]}uccinum Scac- 
chianum, Ph, 

M. leucozona, Ph. 

M. (^assidaria ecbinopliora, L. 

M. Doliopsis (b’osseaiin, Monter. 

Xa^-sa gibbosiila, />. 

AI. granum, Lam. (Jbiccinuiu 

gran a ). 

31. Coliimbella columb('llaria, Se., =C. 
Grooi, Ph. 

P. IVfrancia toiiova. Jeffr. MS. 

V. gil)1)era, ^hfr. MS. 

]\f. r liy^trix (Jan)., IhUardi. 

M. Pleiirotoina clathrata. Be Serr., = 
P. rudn and P. granum, Ph. 

i\I. multilineolata, Beohayes, 

M. pii«illa, =P. multibiicolata, 

var. ‘r 

M. tamiata, Besh. 

M. Ivieneri, Maraviffna, =P. ]>li- 

cata, Ph.y =IlapliilomaPliilippii, 
Weinkaaff. 

P. uodulosa, Jeffr. MS. 

M. Mitra zonainyMaiTyat, =]M. Santaii- 
geli, Maraviyna. 

31. 3Iitra tricolor, Gmc/m,=3LSavignyi, 
Payr.y =3f. granum, Forh, 

31. Cyprsea physis, Brc, 

31. Ovula carnea, Gm, 

31. Adriatica, G, B. Soiverhy, 

31. Oylichna Jellreysi, Weink. 

P. IJtriculus striatuluR, Jeffr, MS. 

31. Akera fragilis, Jeffr, 

31. Scapb ander tiirgi dulus, Forh. , = Bulla 
diapbana, Aradas, = S. gibbulus, 
JeffV 

31. Pbiline vestita, Ph, 

31. Smaragdinella Algirao (^Hanley), 
Weink. 

31. Doridium 3reckelii, Belle CL 

M. coriaceum, Meekel, =P. aply- 

sifcfonne, 1). Ch. 

31. Oxynoe olivacea,E^/mc.wc, = Bulla 
Gargottce, Calc., =Lophocercu8 
Sieboldi, ATro/iw, = Icarus Gravesi, 
Forh, 
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M. Lobiger Serradifalci, Ca/!c., =:L. Pbi^ 

lippii, Ky'ohn, 

M, Aplysia longicomis, Rang. 

M. viresceiis, ic/s-s’o, =A. uiiguifcra 

and A. petalifera^ Rang. 

M, Umbrella Mediterranea, Lam. 

M. Tyloclina Tlalinesquii, Ph. 

M. (xadinia Garnoti, Paijr. 

M. Melanxpus Firminii, Pa]fr. 


Pteropoda. 

M. Cymbulia Peroni, Cmier. 
M. Clio conica; A. Costa. 

Cephalopoda. 
M. Argonauta Argo^ L. 

1G2 species. 


To those maybe added tlio following Niidibranehs and other shell-less Mollusca 
which are not in JMonterosato’a Catalogue. 

Pli. Philippi’s work on the Mollusca of the Two Sicilies. 


Ph. Fiolis limacina, Ph. 

Ph. Scacchiana, Ph. 

Pli. ptn’ogrina, Gm. 

Ph. niiiiiiua, Forslhi 

Pli. Tritonia quadrilatora, Srhfdlz. 
Ph. P(‘t]ivs loporina, L. 

Ph. Idalia crocoHj Ph. 

pli. raniosa, Can/r. 

Ph. cirrigera, Ph. 

Ph. Doris Argo, L. 

Idi. pseiido-argus, Rttpp. 

Ph. iimbata, (hiv. 

l>li, tomentosa, Ckv, 

Ph. albescens, Sch. 

Pb. (dcgantula, Ph. 


Ph. Doris luteo-rosea, Rapp. 

Ph. Yorrucovsa, L. 

I’ll. elogans, Cantr. 

Pli. Villafrancana, Risso. 

Pii. CcTTuloa, Tiisso. 

Ph. llappii, Cantr, 

Pji. pustiilosa, Cantr. 

PJi. Gasleroptoron Meidcelii, Kosic. 
Ph. Diphyllidia lineata, Otto. 

iqi. pustulosa, >SV. 

Pli. Notarcliiis piinctatus, Vh. 

Ph. Elysia fiisca, Ph. 

pb. Neapolitana, P. Ch. 

28 species. 


And tlio following Cophalopods, wdiich are also wanting in JMonterosato’s 
Catalogue. 

V. Verany’s Mollusque.s Mediterraneens. P Partic, Cepbalopodes. 


V. Eledone Aldrovandi, Pe Ch. 

V, moschata, Leach, 

V. Ilistioteuthis Bonelliantv, P'Orh. 

W lluppelli, Ver. 

V. lioligo Alessandriiiii, Ver. 

V. tequipoda, Rapp. 

V. llertbelotii, Ver. 

V. Biaiiconi, Ver. 

V. Coindetii, 7>r. 

V. Marmor®, Ver. 

V. Meiieghinii, Ver. 

V. Pill®, Ver. 

V. Loligopsis Veranyi, FSrussac. 

V. vermicularis; Rapp. 

V. gigana, Vei\ 

V. Octopus Alderii, Ver. 

Y, catemdatns, Fer. 

Y, Carena, Ver, 

V. Defillippii, Ver. 

y, Koellikerii; Ver. 


y. Octopus macrqpus, Risso. 

V. Salutii, Ver. 

V. tetracirrhus, P, Ch. 

V. violaceus, P. Ch. (besides ten 

doubtful species of Oetopm). 

V. Onyclrotouthis Lichtcnstcinii, Fer. 

V. Krolmii, Ver. 

y. inargaritifera, Rapp. 

y. Owenii, Fer. 

y. Veranyi, Rapp. 

y. siciila, Kr. 

V. Eossia dispar, Rapp. 

V. Sepioteuthis sicula, Ra^p. 

32 species. 


Testaceous 102 

Niidihranchs 28 

Cephalopods 82 


Total 


222 species. 
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Fossil in Sicily and lately found by bie living in the North Atlantic. 
P. ^ Porcupine ’ expeditions. 


P. Terebratula sphenoidea, Ph* 

p. septata, Ph. 

P. Rhynchonella Sicula, Seg. MS, 

P, Lecia acuminata, Jofr.^ =L. Messa- 
nensis, Seg. MS, 

P. pusio, Ph, 

P. Limopsis niinuta, Ph. (Pectunculus). 
P. Pecchiolia acutecostata, Ph. (Hip- 
pagus). 

P. granulata, Seg. (Verticordia). 

P. Dent^ium incertum, Ph. 

P. Siplionodentalium, sp. incd, 

P. Fissurisepta papillosa, Seg, 

P. rostrata, Seg, 

P. Trochus minimus, Seg. MS, (Marga- 
rita). 

P. Ottoi, Ph. 

P. suturalis, Ph, 


P. Trochus gemmulatus, Ph, 

P. reticulatus, Ph, (Solarium). 

P. Gen. ined. (fam. Trochidac) monocin- 
gulatus, Seg. (Trochus). 

P. Turbo glabratus, Ph. (Trochus), and 
var., = Trochus filosus, Ph. 

P. Trachysma delicatum, Ph. (Cyclo- 
stoma), = Architea eaten ulata, 
A. Costa? 

P. Rissoa subsoluta, Ar, 

P. OJostoniia plicatiila, Ih'c. (Turbo). 

P. Solarium moniliferum, Promt, 

P. Mitra ^larini, Lihassi. 

P. obt'sa, Forest i (not of Keeve). 

P. IVdicularia Deshayesiana, Seg. 

20 species. 


Oil a Peach-coloured Bacterium, Bg E. Hay Lankesteh, M,A. 


Emhryologlcal Observations hearing on the Genealogg of the Mollusca, 
Bg E. Hay Laxkesiek, M,A, 


On Birds observed in the WcU llldwgof Yorlcshlre in former and recent gears, 
Bg T. Lister, Barnsleg. 


The numbers observed are given, and a few of the rarest are placed in connexion 
with each family. 

Order I. Haptores. 


Family. 

Falconidtc. 


Strigidae. 


Spocies. Earcpt. 

15 Osprey, Peregrine Falcon, Kite, Hed-footed Falcon, Ihn 
IlaiTier, Montagu’s Harrier, Goshawh, Common Huzznid, 
Hough-legged Huzzard, Honey Buzzaid, Marsh Har- 
rier, lS’\^ allow- tailed Kite. 

8 ICagle Owl, Snowy Owl, Scops Eared Owl, Amet ican Mottled 

Owl. 


Lnniida). 3 

Muscicapidae. 2 

Cinclidae. 1 

Turdidae. 6 

Sylviidae. 20 

Troglodytidee. 1 

Certhiidee. 1 

SittidoB. 1 

Paridsc. 7 

Ampelidffi. 1 

Motacillidae. 3 


Order 11. Inskssores. 

Hed-backed Shrike, Woodchat. 
Pied Flycatcher (local ). 


Black Hedstarf, Firecrest, Heed Warbler, Nightingale (the 
last sweet warbler in South Yorkshire yearly j instances 
as far north as York and Itipon). 


Crested Tit, Bearded Tit. 

Bohemian Waxwing (1873, and former instances). 
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Family. Species. 

Anthidoe. 

2 

Alaiididoe. 

2 

Emberizidfls. 

5 

Fringillidio, 

12 

Loxiidie. 

1 

S tumid®. 

2 

Corvid®. 

8 

Picid®. 

5 

Upupid®, 

1 

Cuculid®. 

1 

Alcedinid®, 

1 

Meropid®. 

1 

Coraciid®. 

1 

Ilirundinid®. 

3 

Cypselid®. 

1 

Caprimulgid®. 

1 

Columbid®. 

4 

Phasianid®, 

1 

Tetraonid®, 

6 

Otidid®. 

1 

Charadriid®. 

9 

Scolopacid®. 

20 

Plataleid®. 

1 

Ciconiid®. 

1 

Ardeid®. 

G 

Rallid®. 

5 

Anatid®. 

28 

Colymbid®. 

3 

Podicipid®. 

5 

Alcid®, 

2 


Pelecanidae. 2 

Laridae, 14 

Procellaridoe, 3 


Barest. 


Snow-Bunting (in severe winters), Cirl Bunting (rare). 
Siskin, Twite (in winter, from the Moorland Hills), 
Crossbill (many instances). 

Rose-coloured Pastor (several instances). 

Raven (nearly extinct), Chough. 

Black Woodpecker, Barred Woodpecker. 

Hoopoe (near Barnsley, 1847 ; instances from other parts of 
the Riding). 


Bee-eater (1849). 

Roller (several instances). 


Order III. Rasores. 

Turtledove (rare). Stockdove (local). 

Black Grouse (a few naturalized), Red-legged Partridge, 

Order IV. Grallatorks. 

Little Bustard (rare instance). 

Cream-coloured Courser (2 or 3 instances), Dotterel, Oyster- 
catclier, Turnstone. 

Greensliauk, Redshank, liittle Stint, Grey Phalarope, Black 
and liar-tailed Godwit, Curlew, Whimbrel, Curlew Sand- 
piper, Knot, Purple Sandpiper, Avocet, Wood Sandpiper, 
Reeve (female of llufl', near Barnsley, 1872), The last four 
very rare instances, the rest occurring occasionally. 

Spoonbill (supposed escape). 

White Stork (3 or 4 instances). 

Squacco Heron, Little Egret, Great and Little Bittern, 
Purple Heron (the last three in recent years). 

Spotted Crake, Idttle Crake (rare instance, recently). 

Order V. Natatores. 

Hooper (flocks, winter 1871-72), Garganey, Harlequin Duck, 
Gadwall, Long-tailed Duck, IMnWooted Goose, Velvet and 
Common Scoter (both as recently as winter of 1872-73). 

All 3 Divers in recent years. 

All the Grebes in recent years. 

Puflin, Little Auk (caught near Barnsley, 1854, in my pos- 
session ; many instances in West Riding), 

Gannet, Cormorant, 

Sandwicli Tern, Roseate Tern, Glaucous Gull, Greater Shear- 
water, Richardson^s Skua, Ponierine Skua. 

Fork-tailed Petrel, Bulwer’s Petrel, Stormy Petrel (one 
brought to me picked up in Barnsley, 1846 j instances in 
other parts of the West Riding), 


This brief summary of birds observed in West and South Yorkshire is drawn up 
from personal observation of myself and members of the West-Riding Naturalist 
Societies, and the ‘ Monthly Recorder,’ the organ of their communications. Many 
species are recorded on the authority of our late neighbour, Charles Waterton of 
Walton Hall, whoso protection of all birds gave bun superior opportunities of 
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studying tliem ; their tameness in the absence of firearms brought them readily within 
the range of the eye or telescope. A list prepared in 1844 by Dr. Farrar, late of 
Bradford, formerly of Barnsley, was placed m my hands, also an account of York- 
shire birds, drawn up in the same year by Thomas Allis, of York, including notices 
from Hugh Reid, Bird-stufier, Doncaster; Henry Denny, late Curator of the Philo- 
sophical flail, Leeds; William Fddison, Huddersfield; John Heppenstall (father 
and son), of Sheffield ; A. H. Strickland ; R. Leyland, Halifax ; S. Gibson, Ilebden 
Bridge; and the Rev. F. O. Moms, who has observi'd in all the three Ridings of 
York. The Rev. F. O. Morris and T. Allis are the only survivors of these pains- 
taking naturalists. From the nbo\e sources of information we may get an idea of 
the birds noticed in the West Riding wdthin the recollection of living observ'ers 
and in present times. 

We may form an estimate of them thus. Taking the ‘ Zoologist’s’ List, compiled 
from Y’'arrell, of resident birds, migrants, and occasional visitants — out of 29 raptorial 
birds on that list, we have had 2.‘i recorded ; of Ido insessorial birds, 01 ; of Id raso- 
rial birds, 10 have been recorded : thus of 177 generally d(‘signated Land Birds, we 
have had 124 ; of (>4 gi'allatorial birds, 4d ; of 00 natatorial birds, 57 have been re- 
corded : thus of 154 wading or swimming birds we have a total of 100. 

Another mode of showing the comparative numbers strik<‘s us. Take the List in 
Mr. Ilai’ting’s excellent ‘ ()rnilhological Handbook of Itesidcnts and IMigrants,’ 
separated by him from the List of rare and accidental visitors to (treat Britain. 
The species there enumerated ai‘e : — t)f raptorial birds 20, of insessonal 105, of raso- 
rial 12, of grallatorial (>4, of natatorial — making totals of land birds 137, of 
water birds 124, totals of both di^isions 261. Here is shown a gi’t‘ater proportion 
for the West liiding, 224 (including a few on the List of rare or accidental visitors) 
having been recorded out of the 261 considered as British birds. Tliis is a large 
number considering the wanton exteimination to which many of the fentlujred 
tribes are doomed. It shows the capabilities this Riding possesses to gratify the 
field ornithologist, which would be greatly increast‘d if half th(‘ care were taken in 
pre8er\dng our persecuted birds, after the manner of Waterton and other landowners 
following to some extent in his steps, as there is excess of zeal inaniirsted to capture 
or destroy every rare bird that visits or resides within the limits of this extensive 
Riding. Our county presents great variety in plnsical formation, from the Pennine 
range of Mountain-hmestone and Millstone- grit west, over the (’oal-foimatioii with 
undulating slopes, valleys, streams, canals, pools, fine woodlands and iioble parks, 
over the Magnesian limestone to the Lias, Oolite, and Ghalk clifis of the East and 
North Riding, which (though not within the limits to which tliis paj)(>r is confined) 
afford suitable breeding-haunts and places of resort to many birds wliich frequently 
favour the inland parts of Yorksliire with their presence. 


Oil a new Insect helonyiny to the Family Ephcmeiidac, with Notes on the 
Natural History of that Family. By R. MacLa(]ilax, F.L.l^. 

The author gave an amount of a new species of the family recently received from 
Canterbury, New Zealand, remarkable for its abdomen, which was ^ cry robust, and 
the seventh to the ninth segments had broad, horny, acute, wing-like expansions 
on each side, so that this part of the body resembled tbal of some Myriopod or 
Crustacean. He proposed for it the name Onisciyastei' Walu fiddij after its captor, 
Mr. C. M. Wakefield. Although the earlier stages were uiAnown, he considered 
it probable that the abdominal formation was reproduced in the imago ; and hence 
the latter might be looked upon as a degraded form. A sriinvvhat analogous ab- 
dominal structure was to be seen in the immature condition of the American 
Bmtisca ohesa^ as demonstrated by Walsh, though this latter possessed an enoniious 
thoracic development, forming a carapace under which tlie rudimentary wings were 
concealed. And in connexion with this, the author alluded to the so-called 
crustaceous genus Piosopistoma of I^atreilie, which the French entomologists 
MM. Joly, father and son, had recently asserted, with much appearance of truth, 
is the immature condition of an insect of this group, they havmg found decidea 
indications of tracheal respiration in it. 
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Anatomy and Physiology. 

Address to the Department of Anatomy and JPhysiohgy^ 

By Professor Ettthereoed, F,R.S,E, 

In addressing you upon the subjects of anatomy and physiology, 1 would invite 
Vour attention to some of the features which cnaracteiize these departments of 
mology at this present time, and to some recent advances in physiology, the con- 
sideration of which you will find to be possessed of deep interest and importance. 

State of Anatomy. 

Anatomy, dealing as it does merely with the structure of living things, is a far 
simpler subje(‘t than physiology, whose province it is to ascertain and explain their 
actions. It was not a difficult thing to handle such instruments as a knife and 
forceps, and with their aid to ascertain the coarser structure of the body. Accord-^ 
ingly, the naked-eye anatomy of man has been fully investigated ; and although the 
same cannot be said of that of many of the lower animals, it is nevertheless, as far 
as this kind of inquiry is concerned, a mere question of time as regards its comple- 
tion. But minute or microscopic anatomy is in a different position. Requiring, as 
it does, the microscope for its pursuit, it could not make satisfactory progress until 
this instrument had been brought to some degree of perfection. Doubtless much 
advantage is still to be derived from improvements in the construction of this 
instrument ; but probably most of the future advances in our knowledge of the 
structure of the tissues and organs of the body may be expected to result from the 
application of new methods of preparing the tissues for examination with such 
microscopes as we now have at our disposal. This expectation naturally arises from 
what has been accomplished in this direction during the last fifteen years. For 
example, what valuable information has been gained regarding the structure of 
such soft tissues as the brain and spinal cord by hardening them with such an agent 
as chromic acid, in order that these tissues may be cut into thin slices for micro- 
scopical study. How greatly has the employment of such pigments as carmine, 
aniline, and logwood facilitated the microscopical recognition of certain elements of 
the tissues. What a deal we have learned regarding the structure of the capil- 
laries and the origin of lymphatics by the effect which nitrate of silver has of 
rendering distinctly visible the outlines of epithelial cells. What signal service 
chloride of gold has rendered in tracing the distribution of nerves by the property 
which it possesses of staining nerve-fibrils, and thereby greatlj facilitating their 
recognition amidst the textures. Moreover of what value osmic acid has Keen in 
enabling us to study the structure of the retina. In the hands of Lockhart Clarke, 
Recklinghausen, Cohnheim, 8chultze, and others, these agents have furnished us 
with information of infinite value ; and those who would advance microscopical 
anatomy may do so most rapidly by working in the directions indicated by tnese 
investigators. In human microscopical anatomy, indeed) there only remain for 
investigation things which are profoundly difficult — such as, for example, the struc- 
ture of the brain, the peripheral terminations of nerves, the development of nerve- 
tissue, and other subjects equally recondite. But in the field of comparative 
anatomy there is far greater scope for the histological investigator. He has only 
to avail himself of those reagents and methods which have recently proved so useful 
in the microscopical anatomy of the vertebrates j he has only to apply those more 
fully than has yet been done to the invertebrates, and he will scarcely fail to make 
discoveries. For the lover of microscopical research there is, moreover, a wide field 
of inquiry in the study of comparative embryology — that is to say, in the study of 
the development of the lower animals. Since it has become clear that a knowledge 
of the precise relations of living things one to another can only be arrived at by 
watching the changes through which they pass in the course of their development, 
research has been vigorously turned in this direction j and although an immense 
mass of facts has long since been accumulated regarding this question, Parker’s 
brilliant researches on the development of the skull give an indication of the great 
tilings which we may yet anticipate from this kind of research. Speaking of imnro* 
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scopical study before ^his audience, I cannot but remember that in this country 
more than in any other we have a number of learned gentlemen who, as amateurs, 
eagerly pursue investigations in this department. I confess that 1 am always sorry 
to witness the enthusiastic perseverance with which they apply themselves to the 
prolonged study of marking upon diatoms, important though these be in many 
respects, seeii^ that thev might direct their efforts to subjects which would repav 
them for their labours iar more gratefully. I would venture to suggest to such 
W’orkers that it is now more than ever necessary to abandon all aims at haphazard 
discoveries, and to approach microscopy by the only legitimate method, of under- 
going a thorough preliminary training in the various methods of microscopical 
investigation by competent teachers, of whom there are now plenty throughout the 
country. 


State of Physiology, 

With regard to physiology, the present standpoint is not so high as in the case 
of anatomy. Physiology, resting as it does upon a tripod consisting of anatomy, 
phyfflcs or mechanics, and chemistry, is many-sided. The most minute anatomy, 
the most recondite physics, and the most complex chemistry have all to bo taken 
into account in the study of the physiology of living things ; so that it is not sur- 
prising that it should, in its development, lag behind the comparatively elementary 
subject anatomv. Until not so very long ago anatomy and physiology were, in 
most of our medical schools, taught by the same professor, who, although professing 
to teach both subjects, was generally more of an anatomist than a physiologist. 
This arrangement gave to physiology a bias which was eminently anatomical ; and 
this bias continued in many quarters, notwithstanding the separation of the physio- 
logical from the anatomical tuition. I am aware that there are still some distin- 
guished anatomists who intermingle physiological with anatomical teaching. I am 
not questioning the uscfubiess of the practice when canned to a moderate extent. 
I wish merely to point out what appears to me to have been a result of the practice, 
and I believe that the result was to give to physiology^ an anatomical tendency. It 
was natural for the anatomist who dealt with visible structure to constantlv refer 
to this in explaining physiological action or function. The physiologist with the 
anatomical tendency always tried to explain a difference in the action or function 
of a part by a difference in its evident structure ; and when his microscope failed to 
show any sti'uctural difference between the cells which form saliva and tliose which 
produce pancreatic fluid, between the egg of a rabbit and that of a dog, he, baffled 
on the side of anatomy, was too ready to adopt the conclusion that, inasmuch as the 
microscope reveals no difference in the structure, there is really no structural differ- 
ence between them, and that the only way in whicli the difference in action can be 
explained is by having recourse to the old hypothesis, that the metamorphoses of 
matter and the actions of force are in the living world regulated by a metaphysical 
entity termed a vital principle, and that dissimilar actions by similarly constructed 

f arts are only to be explained by referring them to the operations of this principle. 
After alluding further to the hypothesis of the vital principle and its supposed 
actions, and after stating that he did not follow the teaching of those who still 
adhere to this doctrine, the author said that, viewed from the physical side, there 
appears to bo no reason for supposing that two particles of protoplasm, which pos- 
Bes8 a similar microscopic structure, must act in the same way ; for the physicist 
knows that molecular structure and action are beyond the ken of tlie raicroscopist, 
and that within apparently homogeneous jelly-like particles of protoplasm tliere 
may be differences of molecular composition and arrangement whicn determine 
widely different properties.] 

A great change is now taking place in physiological tuition in this country — a 
superabundance of physiological anatomy and an almost entire absence of experi- 
ment are no longer its characteristic features. The study of physics, too much 
neglected, is happily now being more and more regarded as important in the pre- 
liminary training of the physiologist as the study of anatomy and of chemistry ; 
and I trust that the day is not far distant when in our medical schools the thorough 
education of our students in mathematics and physics will be insisted upon as abw- 
iutely essential elements in their preliminary education. Until this is done phy- 
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siolo^y will not advance in this country so rapidly as we could wish. I would not 
in this place have alluded to a question concerning* medical education, but for the 
fact that the progress of physiology will always greatly depend upon the education 
of medical men ; for only those who are conversant with pliysics and chemistry, and 
who, in addition, are acquainted with the phenomena of disease (that is to say with 
abnormal physiolojjical conditions) can handle physiology in all its branches. Phy- 
siology owes not a little to a study of pathology — that is, of abnormal physiological 
states. The study of a diseased condition has on several occasions given a clue to 
the discovery of the function of an organ. Nothing was known regarding the 
function of the spleen until the pathologist observed that an increase in the number 
of white corpuscles in the blood is commonly associated with an enlargement of 
this organ, lienee arose the now accepted doctrine that tlie spleen is concerned in 
the formation of blood-coiq)uscles. The key to our knowledge of the functions of 
certain parts of the brain has also been supplied by a study of the diseased condi- 
tions 01 that organ. The very singular fact that the right side of the body is 
governed by the left, and not by the right, side of tlio brain, was ascertained by 
observing that palsy of the right side of the body is associated with certain diseased 
conditions of the left side of the brain ; that the corpus striatum is concerned in 
motion, while the optic thalamus is concerned in sensation, and that intellectual 
operations are manifested spucially through the cerebral hemispheres, are conclusions 
which were indicated by the study of diseased conditions. Alorcover, by the pur- 
suit of the same line of inquiry, the key has ])ceu given to the discovery of many 
other facts regarding the brain functions. Some years ago M. Broca made the 
remarkable observation that, when a cei'tain portion in tlio front part of the loft 
side of the brain becomes disorganized by disease, the person loses the power of 
expressing his thoiiglits by words, either spoken or written. He can comprehend 
what is said to him, his organs of articulate speech are not paralyzed, and he 
retains his power of writing, for he can copy words when told to do so ; but when 
he is asked to give expression to his thoughts by speaking or by writing, or even 
to tell his uame, he is helpless. With a palsy of a portion of his brain, be has lost 
his power of finding words ; but although he has lost tliis power, his intelligent 
perception of what passes around him and what is said to him is not lost. It is 
true tliat tliis condition of aphasia, as it is termed, has been found to exist when 
various parts of the brain have been diseased ; for example, it has been found to co- 
exist with a diseased slate of the posterior instead of the anterior part of the cere- 
brum. This fact rtunhu’s it very uiliicult as yet to aS'lign a precise locality to the 
faculty of speech. It is not, however, my intention to discuss this question, for my 
object is merely to show how the study of disease has given a clue to the physio- 
logist. Broca's observation led to tlie thought that, after all, the dreams of the 
phrenologists would be realized, in so far as they supposed that the various mental 
operations are made manifest through certain definite territories of the brain. 

It has until lately been supposed that the convolutions of the cerebrum are 
entirely concerned in purely intellectual operations ; but tliis idea is now rendered 
doubtful. It is probable, from recent researches, that in tlio cerebral convolutions 
(that is, in the part of the brain which was believed to minister merely to intel- 
lectual manifestations) there are nerve-centres for the production of voluntary 
muscular mo^'emellts in various parts of the body. It has always been taught that 
the convolutions of the brain, unlike nerves in general, cannot be stimulated by 
means of electricity. This, although true as regards the brains of pigeons, fowls, 
and perhaps other "birds, has been shown by Fritscli and llitzig to be untrue as 
regards mammals. These observers removed the upper portion of the skull in the 
dog, and stimulated small portions of the exposed surface of the cerebrum by means 
of weak galvanic currents ; and they found that wlicn they stimulated certain 
definite portions of the surface of the convolutions in the anterior part of the 
cerebrum, movements are produced in ceriaiii definite groups of muscles on the 
opposite side of the body. By this new method of exploring the functions of the 
convolutions of the brain, these investigators showed that, in certain cerebral 
convolutions, there are centres for the nerves presiding over the muscles of 
the neck, the extensor and adductor muscles of the forearm, for the flexor and ro- 
tator muscles of the orni; the muscles of the foot, and those of the face. They, 
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moreover, removed tlie portion of the convolution on the left side of the cerebrum, 
which they had ascertained to be the centre for certain movements of the right fore 
limb, and they found that after the injurv thus inflicted, the animal had only an 
imperfect control over the movements of the part of the limb in question, lle- 
cently, Dr. Hughliiigs Jackson, from the observation of various diseased conditions 
in which peculiar inqyements occur in distinct groups of muscles, has adduced 
evidence in support of the conclusion that in the cerebral convolutions are loca- 
lized the centres for the production of various muscular luovenienis. Within the 
last flnv months these observations have been greatly extended by the elaborate 
experiments of my late pupil and assistant, and now able colleague in lling's Col- 
lege, Prof. Ferri or. o . D 

Adopting tlie^ method of Fritsch and Ilitzig (but instead of using galvanic he 
has employed Faradaic electricity, with which, strange to say, the investigators 
just mentioned obtained no very definite results), lu' has explored the brain in the 
flsh, frog, dog, cat, rabbit, and guineapig, and lately in the monkey. The results 
of this investigation are of great importance. lie has explored the convolutions of 
the cpjehrum far more fully than the Gemian experimenters, and has investigated 
the cerebellum, corpora qnadiigemina, and several other portions of the brain not 
touched upon by them. There is perhaps no part of the brain whose function has 
been more obscure than the cerebellum. J)r. Ferrier has discovered that this 

f anglion is a great centre for the movements of the muscles of the eyeballs, lie 
as also very carelully mapped out in the dog, cat, <fcc. the various centres in the 
convolutions of the cerebrum which are concenied in the juoduction of movements 
in the muscles of the eyelids, face, mouth, longue, ear, neck, fore and hind feet, 
and tail. He confinus the doctrine that the corpus striatum is concenied in 
motion, while the optic thalamus is probably concerned in sensation, as are also tlie 
hippocampus major and its neighbouring convolutions. He has also found that in 
the case of the higher brain of the monkey there is what is not found in the dog or 
cat — to wit, a portion in the front part of the brain, whose stimulation produces 
no muscular movement. What may he tlu' function of this part, whether or not 
it specially ministers to intellectual operations, remains to be seen. These re- 
searches mark the commencement of a n(*w ora in our knowledge of lirain function. 
Of all the studies in comnarativc physiology theu'e will h»‘ none more interesting, 
and few so important, ns those in which the various centres will be mapped out in 
the brains throughout the vertebrate series. A new, hut this time a true, system 
of phrenology will probably be founded upon them : by this, however, 1 do not 
mean that it will be possible to tell a man’s faculties by the configuration of his 
skull ; but merely this, that the various mental faculties will be assigned to definite 
territories of the brain, as Gall and Sjnirzheim long ago inuintained, although their 
geography of the brain was eiToneous. 

I have alluded to this subject, not only because it affords an illustration of the 
service which a study of di.seased conditions has rendered to phvsiology, hut also 
because these investigations constitute the most important work whicii has been 
accomplished in physiology for a very considerable time pa.st. 


lievival of lViijsiolo(/y in Ungland, 

e may, I think, term this the renaissance period of English phvsiologv. It 
seems strange that the countiy of Harvey, John Hunter, Charles Bell, IMarshall 
1 1 all, and John Iieid should not always liave been in the front rank as regards 
physiology. The neglect of phy.ric.s must be admitted as a cause of this ; it is also 
to be attnhuted to the, until a few years ago, almost entire absence of experimental 
teaching ; but it would be unju-st not to attribute it, in great measure, to tlie limited 
appliances possessed by our physiologists. It is to he remembered that physiologx’^ 
could not be succe-ssfulty cultivated without proper laboratories, with a supply of 
expensive^ apparatus. *Vv ithout endowments irom piililic or private resources, how 
can such institutions be properly fitted up and maintained by men who can, for the 
nos P^^t, only turn to physiological researcli in moments snatched from the 
^ profession so laborious as that of medicine ? In defiance of these difli- 
1 s wo are now striving’’ to hold our place in the physiological world, A new 
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system of physiological tuition is rapidly extending oyer the country. In the 
Lfondon schools, in Edinburgh, Oamoridge, Manchester, and elsewhere, earnest 
efforts are being made to give a thoroughly practical aspect to the tuition of our 
science^ and, notwithstanding the imperfect results which must necessarily ensue in 
the absence of suitable endowment, we can nevertheless point to the fact that the 
effect of these efforts has been to awaken a love for physiological research in the 
mind of many a student ; and the results of this awakening are already apparent in 
the archives of the Royal Societies, in the ^Journal of Anatomy and Physiology 
and elsewhere. But physiological research is most expensive and laborious, and it 
is, moreover, unremunerativc. The labours of the physiologist are entirely philan- 
thropic ; all his researches do nothing but contribute to the increase of human 

S iness ))y the prevention of disease and the amelioration of suffering ,* and I 
d venture to suggest to those who are possessed of wealth and of a desire to 
apply it for tlie benefit of society, that, in view of the wholly unselfish and philan- 
tliropic character of physiological labours, they could not do better than endow 
laboratories for the prosecution of physiological research. 

anticipate great benefit to the coinniiinity not only from an advance of 
pliysiologv, but from a diffusion of a knowledge of its leading facts amongst the 
people. This is now being carried out in our schools on a scale which is annually 
increasing. Thanks to the efforts of Huxley, tlie principles of physiology are now 
presented in a singularly palatable form to the minds of the young. The instruc- 
tion communicated does not consist of technical terms and mimbers, but in the 
(ducidation of the principal events which happen within our bodies, together with 
an explanation of the treatment which they must receive in order to he maintained 
in health. Considering how much may be accomplished by these bodies of ours if 
they be properly attended to and rightly used, it seems to be a most desirable thing 
that the possessor of the body should know something about its mechanism, not 
only because such knowledge affords him much material for suggestive thought— pot 
only because it is excellent mental training to endeavour to understand the why and 
the wherefore of the bodily actions — but also because he may greatly profit from a 
knowledge of the conditions of health. A thorough adoption of hygienic measures 
(in other words, of measures which are necessary to preserve individuals in the highest 
state of liealth) cannot he hoped for until a knowledge of fundamental physiological 
principl(?s finds its wav into every family. This country has taken the lead in the 
attempt to diffuse a sound knowledge of physiological facts and principles among 
the people, and we may fairly antic-ipate that this will contribute not a little to 
enable her to maintain her high rank amongst nations ; for every step which is 
calculated to improve the physiological state of the individual must inevitably 
contribute to make the nation successful in the general struggle for existence. 


On the Movements of the Glands o/Brosera^. 

By Alfrei) W. Bennett, F,L.JS, 

The glands which fringe the margin of the leaf and cover the upperside of the leaf 
of Brosera have been shown by previous observers not to be hairs in the true sense 
of the term, i. e. mere cellular expansions of the epidermis, but to be integral parts 
of the leaf, with a fibro-vascular Dundle containing spiral threads (in other words, 
a vein or nerve of the leaf) running through them, and even to be furnished with 
stomata. The glands excrete at all times, when in a healthy condition, a white 
viscous gluten, which quickly entraps any small insect that settles upon the leaf, 
gradually holding it down more and more as it struggles, till escape is hopeless. The 
glands soon begin to move towards the imprisoned insect; but this movement is not 
^ ery conspicuous at first, and is very much more decided after the insect has almost 
completely ceased to struggle, thus appearing not to be due to any contractile tissue” 
in the leaf which is irritated by the mo^ enieiits of the insect. After the lapse of some 
time the whole of the glands of the leaf, even those which are at a considerable 

* Quart. Journ. Micr. Soc,, Oct. 1873* 
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distance from the insect, are found to be bending over towards it, and to be almost 
in contact with it. After a time the insect is to all appearance digested, actually 
supplying the tissue of the leaf with nourishment. Very nearly the same effect 
was produced by substituting for the fly a piece of raw meat, the movements 
of the glands being somewhat slower, but ultimately almost as complete, the 
meat being apparently digested in the same manner. On other leaves were 
placed a minute piece of wood and a small piece of worsted ; and in neither of 
these causes was the least change perceptible, after a considerable time, in the posi- 
tion of the glands nor of the object itself. 


On the Action of Alcohol on WannA}loode<l Animals, By Dr. Bmz, of Bonn* 


Physiological Researches on the Nature of Cholera. By Dr. Lvuder Brentox. 

The search after n true remedy for cholera, tlie author thought, had hitherto been 
fruitless. The cause of the disease was now generally admitted to be a poison of 
some sort which could be transmitted from one p(‘rson to another ; but there mmt 
also be a proper soil for the development of the poison — in other words, the blood 
and tissues must be in such a state that it can act upon them. 

In the state of collapse there was constant vomiting and purging, and tin' intestinal 
canal was speedily washed clean out. the stools consisting of the secretion alone ; 
the blood stagnated in the great veins of the thorax and abdomen, and left the skin 
shrunken, pale, and cold, the interior of the bodv being hotter even than in a state of 
high fever. That blood which filled the small cutaneous veins Ixdng no longer 
driven forward by fresh supplies from the arteries, Ixjcame coinplet«dy deoxidized 
and black, imparting to the surface a livid hue. It still retained its power to take up 
oxygen and give otf carbonic acid ; but, notwithstanding this, it passed so slowly 
through the pulmonary vessels'that only about one third of tin' usual quantity of 
carbonic acid was given off from the lun^ : and little oxygen being taken in, there 
was a distressing feeling of want of breath. At the same time the voice was hoarse, 
low, and weak ; but this seemed to be simply a consequence of the general exhaus- 
tion of the patient. 

The st'mptoms of cholera all arose from disturbance of the circulation and altera- 
tion of the intestinal secretion ; and it might be thought that the only means of re- 
moving those conditions would be to eliminate from tiie body that poison which was 
producing these effects, and that so long as it was still circulating in the blood, 
any remedy which was simply intended to counteract it would be administered 
in vain. But the researches of Fraser and others on antagonism had shoAvn that 
the elimination of a poison was not required in order to previmt its injurious or fatal 
action ; the administration of an antidote would deprive it of its hurtful power ; and 
as it was with other poisons so might it be with that of cholera. It occurred to Dr. 
Brunton that if any poison should possess actions similar to those of cholera-poison, 
an antidote to it might possibly prove to be a remedy for cholera. He therefore 
began to look for a drug which would produce the same changes in the circulation 
which occurred in cholera. These were, he believed, first attributed by Dr. Parkes 
to spasmodic contraction of the pulmonary vessels, which prevented the blood from 
passing through them ; and this opinion had found a warm supporter in Dr. George 
Johnson. Most of the symptoms, though not all, could be explained on this 
hypothesis. 

Professor Schmiedeberg, in investigating the physiological action of n poisonous 
mushroom the {Amanita mmcaria or Ayaricm muscarim)^ noticed that when 
given to animals it caused great dyspnoea, and at the same time the arteries became 
empty, so that when cut across hardly a drop of blood issued from them — the very 
condition which existed in cholera. Administering atropia to the wann-blooded 
animals suflering from these symptoms, Professor Schmiedeberg found that they at 
once recovered. He had not thought at all, however, of contraction of the pulmo- 
nary vessels as a cause of dyspnoea. He attributed it rather to excitement of the 
nervous centre in the pieaulla oblongata, which regulates the respiratory move- 
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nients ; but as the effect of atropia itself is to excite the nervous centre, it ought, 
according to his supposition, to have increased instead of removing the breathlessness. 
When the idea that the dyspncea was due to contraction of the pulmonary capil- 
laries suggested itself to JDr. Brunton, he proceeded to test it by experiment, 
lie first gave a rabbit such a dose of chloral hydrate as to deprive it of all sensibi- 
lity, then put a tube into the windpipe and connected it with a pair of bellows. lie 
was thus able to infiate the aniinars lungs at regular intervals and keep up respira- 
tion artificially when the animal could no longer breathe itself. He next opened 
Bie thoracic cavity so as to observe the slightest change in the lungs or heart. He 
injected a little niuscarin into the jugular vein, when the lungs which had been pre- 
viously rosy became blanched, the right side of the heart swelled up, the veins 
passing to it became enormously distended, and the left side of the heart almost 
empty. Shortly afterwards he injected a little atropia into the jugular vein. At 
once the eftects of the niuscarin disappeared, and every thing assumed its normal 
appearance. From the want of niuscarin he had not pursued his investigations, but 
h(»pcd shortly to do so. 

Jlitherto he had proceeded on the assumption that Drs. Parkes’s and Johnson’s 
theory of cholera was correct, and that the stoppage of the circulation in cholera was 
due to contractions of the arterioles of the lungs, as it was in muscarin-poisoning. In 
poisoning ])y niuscarin tlie great veins of the thorax and abdomen and the right side 
of the heart seemed to be almost equally distended, and exactly the same condition 
Avas found in persons who had died of cholera. But it was not certain that the right 
side of the heart was always so much distended during life, even when the symptoms 
of cholera were present in their most pronounced form. It would almost seem that 
the veins dilated still more in cholera-collapse than they did in muscarin-poisoning. 
Nitrite of amyl has the power of dilating the arterioles throughout the body, and in 
those of the lungs also ; but it was found practically to be of no use in cholera. The 
pulse might become a little stronger and the surface a little warmer, but the improve- 
ment was so slight tliat it is hardly worth mentioning, and the patient felt no oetter 
for tlie medicine either when inhaled or when injected subcutaneously. If the weak- 
ness of the pulse depended only on contraction of the vessels in the lungs, this result 
would be astonishing ; but if they supposed it to b(‘ caused by dilatation of the great 
veins, it was just what they wouid expect. From these and other facts, Dr. Brunton 
concluded that the veins were dilated, and tliat therefore some remedy must be em- 
ployed which would make them contract. There were very few experiments on 
the contractility of the veins; but in the condition of depression or shock following 
severe injuries, in which the veins were much dilated, digitalis had been found 
useful, and it might prove useful in cholera also. Atropia had been lately tried in 
cholera by an American practitioner with considerable success, and it seemed 
deserving of a more extensive trial. 

It would not do, howe\er, to consider the action of any proposed remedy for 
cholera on the circulation alone, and to leave out of accouut its efiect upon the in- 
testinal secretion. He therefore set to work to discover the action of atropia upon 
the intestinal secretion. Since the efiect of cholera upon the intestine was the same 
as that of division of itvS nerves, which was one cause of secretion, they were justified 
in believing that if any drug could stop the secretion in Moreau’s experiment of 
dividing the intestinal nerves it was likely to have a similar effect on cholera. 
Now atropia had remarkable power to stop secretion from the salivating and sweat 
glands when their nerves are irritated, rendering the mouth and skin quite dry. 
What its effect on paralytic secretion in the salivating g:lands might be he did not 
know ; but thinking that it might arrest the flow of fluid into the intestine, he 
repeated Moreau’s experiment and injected some solution of atropia into the vein 
of the animal. On killing it some hours afterwards, he found that there was fluid 
in that part of the intestine the nerves of which had been divided. The 
dose, however, was not large ; and he comforted himself witli the hope that a large 
dose might do, though a small one would not. He afterwards tested the power of 
atropia to check the secretion induced bv injection of sulphate of magnesia into the 
intestine, both by injecting a mixture of sulphate of magnesia and atropia into the 
intestine and by injecting sulphate of magnesia alone into the bowel, and a solution 
of atropia into the veins. In both cases he used very large doses of ati'opia, but 
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they had not the slightest eftect upon the secretion. The result was disappointing , 
and rendered the use of atropia in cholera somewhat doubtful. It was, however, 
difficult to foretell the eftect of any drug under particular circumstances, and he 
should therefore continue his experiments. 

The points to which he wished to direct particular attention were those : — 

(1) That, assuming Parkes’s and Johnson^s theory to be correct, and the impeded 
eirculation in cholera to be due to obstruction in the pulmonaiy vessels, atropia was 
likely to prove beneficial to a certain extent; and since it had been empirically 
found to be useful in the disease,, it ought to receive a fair trial at the hands of the 
medical profession. 

(2) The fact that the right side of the heart was not dilated during life in cholera 
patients, as well as the uselessness of nitrite of amyl, which dilated the pulmonary 
vessels, showed that Parkes’s and Johnson’s theory was imperfect, and that one of 
the most important pathological conditions in cholera-collapse consisted in an 
active dilatation of the thoracic and abdominal veins. Any remedy, to be useful 
in cholera, must have the power of counteracting this condition ; and the adminis- 
tration of digitalis in cholera-collapse might be useful. 

(3) The profuse secretion from the bowels in cholera was due to paralysis of some 
of the intestinal nerves ; and a remedy which will arrest it was still a desideratum. 


On some Abnormal Effects of Binocular Vision. Bij A. »S. Dxvis. 


On the Action of Lujld on the Retina and oilier Tissues, 
By Dr. Dewar and Dr. MacKexdrick. 


On the Motion of Protoplasm in the Fucaceous Ahjtc, 
By Professor P. Duncan, FJLS, 


The Localization of Function in the Brain. By Dv^ ii» Fr.iiRir.ii, 

Professor of Forensic Medicine, Kinys Colley ( , London, 

In his paper on this «mbject, Dr. Perrier alluded to the various theories at present 
held in regard to the possibility of localizing specific functions in definite regions 
of the brain — mentioning especially the various facts of disease, such as exteusive 
abscesses, which appear to negative the idea of localization; and, on the other hand, 
those in favour of localization, such as the facts of aphasia, and the peculiar localized 
and unilateral epileptic and clonic spasms, which the researches of Hughliugs 
Jackson seemed to connect with irritation of definite regions of the brain-centre. 

The great difficulty had hithertoheen the want of a method which would lead to 
positive results, instead of the usual negative phenomena resulting from the ordi- 
nary methods of investigating the functions of the brain by means of mechanical or 
similar destruction of the brain -substance. The researches of Pritsch and Hitzig 
and the theory of discharging lesions, advocated by Ilughlings Jackson as the 
cause of the difi’erent epilepsies, formed the starting-point of the investigations which 
Dr. Perrier communicated to the Association. 

The results at which he arrived, from experimentation on the brains of rabbits, 
cats, and dogs, have already been partly published in the West-lriding Lunatic 
Asylum Report for 1873 ; but the experiments on monkeys and other animals, which 
were likewise brought before the Association, as well as the further elucidation of 
the experiments already published in the West-Riding Reports, are reserved for 
the Royal Society, under whose auspices the late experiments have been con- 
ducted. The following was the general scope of the paper The author^ after a 
general sketch of the surface and convolutions of the brain m animals experimented 
on, pointed out on a series of diagrams the centres in the different convolutions, 
stimulation of which caused certain and unvarying combined movements of the 
paws and tail, of the facial muscles, and of the muscles concerned in articulation. 
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Tlie lioiiiologous parts were pointed out in the brains of the rat, guineapig, 
rabbit, cat, dog, jackal, and monkey, and indicated in the human brain according to 
the convolutional homology existing between it and the simian brain. 

In particular the complex movements of the hands and feet were described, 
and the situation of the centres of these various movements definitely localized. 
In addition to these centres for movements, which the author described as 
evid( 3 ntly volitional, purposive, or expressive, other regions of the brain, the 
posterior, were poiiitea out as probably the cerebral centres in connexion with some 
of the special senses, such as sight, hearing, and smell. On the same plan as before, 
the homologous parts and convolutions were indicated in the human brain. 

Certain anterior r('gions at the frontal extremity of the cerebral hemispheres in 
tlui monkey, and also the posterior or occipital lobes of the mojdcey’s brain, yielded 
no results which could yet be laid hold of. 

A comparison was instituted between the corresponding parts in the brains of 
tli(i lower animals and of man, and some speculations were ottered as to the sig- 
nification of the development of these parts in their relation to intelligence. 

tS('veral facts in relation to combined expressional movements, such as the mouth 
and liand, were shown to be dependent on the close cerebral relation of the centres for 
thesf3 movements, with powerful stimulation, one gradually radiating into the other. 

The key to the pwchological a'^pect of the facts presented ])y the experiment was 
indicated to be the condition of ajiliasia, which is usually found associated with 
disease of the posterior part of the inferior frontal convolution on the left side. 

This region Dr. Ferrier showed, in the brain of the monkey, to be that part which 
governed tlio movements conccnaied in articulation ; and the homology was also 
pointed out in the brains of the cat, dog, jackal, and other animals. Stimulation 
of this region in cats and dogs frequently elicited ^ ocal speech in the form of 
jiKuviiig and barking ; and it was the homologue of this part in the brain of man, 
disease of which was followed by the loss of articulate speech and the memory 
of words. 

Tiu3 two Iiemisphoros of the brain, however, were shown to be symmetrical ; and, 
ill regal'd to the mouth, the action of the brain was also bilateral, and not, as usually 
the case, crossed and unilateral. 

The ('xplanation adopted wa*^ that the of the power of voluntarily recalling* 
words was due to the fact of the left Icunisphere being the leading side, just as in 
most people the right hand i^^ niO't commonly ii^cd. The lo^s of speech was there- 
fore due to the inability of th(‘ otiicr bid. 3 of the brain ail at once to get at the 
projier word, even though they existed, as shown by the fact that the individual 
can recognize the word when mentioned. 

The results of experiments on tbe heniisplieres and optic lobes of fishes, frogs, 
and birds were also alluded to, but not entered into fully. The corpora striata were 
sliown to be motor, and the optic tlialaini evidently sensory. 

Curious ettects were described as resulting’.* in rritation of the corpora 
qiiadrigemina. 

The cerebellum was shown to have a function not hitherto allotted to it, viz. the 
coordination of the ocular muscles. In the rabbit the various lobules were 
described as moving the eyes in differcuit directions ; and similar experiments 
with similar results had been obtained in the case of cats, dogs, and monkeys. 

The relation of the cerebellum as an oculo-motorial and general equilibrium 
coordinating centre was slightly discussed, and their mutual interdependence 
indicated. 

These latter subjects, however, are under investigation, as well as many other 
points in connexion with the cerebral hemisplieres, and therefore the author con- 
tented himself with only a general sketch of the results. 


Heart and Brahi* By J. Milner Fothergill, M.D,, 

The qualities of endurance are rather cardiac than cerebral. Ability and deter- 
mination bear no relation to each other ; but the expressions faint-hearted ” and 
stout-hearted ” fall in with some of our most modern physiological views. When 
the blood-pressure on the brain is too great and tbe roots of the vagus (the restraining 
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nerve^ are flooded with blood, the iiihibitoiy fibres are thrown into action and tlio 
heaili contractions lowered. In h^^pertrophy of the heart tlie overgrown organ is not 
so readily reined in, and so apoplexy is commonly found along with this heart-cliange. 
In other cases, again, the blooa-supply of the brain is defective, and then the brain is 
crippled. This was well seen in the case of a youth with congenital heart-disease, 
who came under the writer’s notice, where the horizontal posture, so as to fill the 
head with blood, was necessary in order that the 3 *outh might learn or repeat his 
pieces of poetry. In medical practice the intimate association of heart and brain 
IS well hnown, and in a large proportion of the cases of insanity distinct changes 
in the circulatory system are found. AVhere there is grejit cerebral hyperannia, the 
ordeal bean of Calabar, which stimulates the inhibitory fibres of the vagus, and so 
holds back the heart, is found to b(‘ the most eflectivi' agent in controlling the 
violent mania of high cerebral v ascularity. On the other hand, in coses of heart- 
disease the character commonly bec(nncs altered, the resolute persoji becoming 
vacillating and capricious, the even-tempered person growing irritable and sus- 
picious.* The eflect of lieart-disease on character is well seen in old Peter 
Featherstone in Middlemarch ; and the vacillation of that ob.stinate old man 
betwixt his two wills shows how the brain halts and lacks its wonted determination 
w’ hen its arterial blood-supply is def(‘cti\e. The .seii'^ations of a patient in the 
great hospital of Vienna, whose lieai-t stood still at inter\als from the j)ressiire of a 
tumour on the inhibitory nerve (the vag*us), were described. Such is a part of the 
negative evidence of the relation of heart and brain; for the positive evidence we 
must turn to the records of the sporting world. Kclipse, the famous racer, and 
Master Magrath, the noted conrs(*r, two animals renowned for tlndr tremendous 
endurance even more than for their ^peed, were both (‘xamined after death to see if 
any thing could be found to explain their peculiar ])rowe«Js. In ('ach an unusually 
large heart was found : and to this were attributed, and rightly so, their extra- 
ordinary powei>. We may say, tlnui, without he'-itation, thnt a brain can no more 
give out efficient manifc'^tations of fi)rce without a sufficient blood-supply, than an 
army can fight or maiKcuvri' effectively without a proper commissariat, or an 
engine work up to its full power without a liberal supply of coal and water, 
Finalh", we may conclude that the wa\es of nerve-forc(\ which resohe themsches 
into either psychical resolution or sustained muscular (dfort, are dependent in their 
turn upon a well-maintained succession of blood-waves supplied by a firm and 
^ igorous lieait. 


On the ]*hi/swlof/ic((l Action of Cn/stffl/ln( Aconitia emd j^scmlo-^Aconiiln, 
Jiff Dr. Tiio3i\s P. Fuasek. 

The experiments were made with tlie nitrates of crystalline aconitia and psendo- 
aconitia, prepared by INI r. (Proves, F.C.S., wh(» first s('paratcd aconitia in a crystal- 
line form in lb(*4. Doth alkaloids powei fully influence tin' cardiac contractions 
and respiratory ino’^ements. Their toxic power is very great, entitling them 
pi'obably to be regarded as the most active poisons as Act known. A very re- 
markable and exceptional difler('nc(‘ of loxicity for diffi cult species of animals was 
found to exist; for wbib* aconitia is/o/* //or/.',* about five limes more powerful as a 
toxic agent than pseudo-aconitia, the latter .‘substance is/o/- rabbits about twice as 
powerful as the former. It Avas ascertained that this diflererice depends on aconitia 
possessing a more energetic action on the heart, and a less energetic action on the 
respiratory movements, than psendo-aconitia. 


71ie Vocal Onjans in Livinoj Centenariam, 

By Sir G. Duncan Giihj, Bart,, M.D., LL.l). 

The condition of the larAnx and other A ocal organs in persoiis who IjaA'c reached 
the age of ICO years is of esj)ecial intciest when detei mined during life, and 
presented some new facts necessitating a modification of the Ai(‘W8 ge nerally enter- 
tained. The author’s obsenations Avere fouiuhd upon an examination of nine 
living centenarians, whom he had personally visited in varirms parts of the conntiy. 
Iheir names, residences, dates of examination, and authentic records of their births 
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were given, two being males and seven females ; and althougb examined on but 
one occasion, the results were satisfactory, and less difficulty was experienced than 
was at first anticipated. The thyroid caHilage was more distinctly prominent in 
the two males tlian the females ;* in all nine it was freely movable, and not hard 
and unyielding, as is sometimes seen in persons of the age of 00 and 70. 
On slight compression there was a resiliency that pointed to cartilaginous flexi- 
bility, and lateral movements gave the sensation of cartilage gliding upon car- 
tilage, sliowing ahstmee of calcareous transformation in the articulating surfaces. 
The hyoid hone, readily felt in all, g.ave no enlargement or other alteration of the 
tliyro-h}oid ligaments ; nor were the pulsations of the carotids unduly felt, as 
occurs when tlieir coats ha\e become thickened by calcareous or other deposits. 
The c/7cn#>/ cartilage on rotation gave the cartilaginous gliding already mentioned, 
and the rings of the trachea wium' comprt'ssible in any direction. 

The laryngeal mirror had to be used with expedition, and revealed a vertical 
epiglottis in all, Avith its leaf-lilo' expansion and light yellow colour, being thin 
towards tln^ ti]) and sid(‘s, affording a ready view of the interior of the larynx. 
The vocal cords mosliy Ibrmi'd a triangular glottis ; they Avere longer in the males 
and in one of the femab\s than in the others, Avhilst their colour in the latter was 
mostly of a greyish Avhite : in one of the males it AAms yellow. The voice varied, 
being mostly smootli, soft, clear, and melodious; in the female with the long cords 
it was louder and more masculine Ulan in the others, and so Avas it in one of the 
males, being at the same time someAvhat cracked in tone. The chest capacity was 
fairly g-ood in all, and the breathing of the most healthy character ; the cartilages 
of the ribs aamu'c not ossified in any, for the moAement of the ribs and their car- 
tilages AAms Avholly imimpcah'd, thus re.>embling persons of 2o or dO. ICvery organ 
in tlie body Avas normal, and the special senses as a rule Avere perfect. The con- 
clusions arrived at were that there Avas an absence of the se changes that are usually 
looked upon as senile, such as calcification of the laryngeal cartilages or of thb 
coats of the blood-vessels, and ossification of the costal cartilages ; and as all the 
organs and tissues of the body had undergone comparatively little or no change, 
persons over Ud, or Avho reach the age of 100 years, must henceforth be considered 
to be free from siudi changes as are believed usually to bring life to a close between 
70 and 80. As relates, hoAvever, to the epiglottis, its vertical position (the normal 
one) is common to all persons over the age of 70, as tlie author’s researches have 
proved in an examination of oOOO healtliy persons of both sexes and all ages; but 
the perfection of the cartilage i.^ to be seen in centenarians. 


Corjntsch's, their Natare and Origin in the Animed Organhhi, 

By Dr. J. Goodman. 

In the prosecution of bis ex])eiiments upon the development of fibrin by the 
action of Avatt'r upon albiiniinoiis substance, the author discoAcred that sometimes 
instead of fibrin tiiousands of corpuscles presented themselves 

The development of coipuscles Avas ultimately discoAcred to be the result of the 
emplo} ment of old (‘^gs or of long-draw n serum, or, in other Avords, of albumen of 
loAv vital power, that from fresh albumen developing fibrin, that from old albumen 
corpuscles. A low temperature just above the freezing-point, even A\dth fresh 
eggs, produced the same efi’ect, and the substance thus formed A\^as of lighter spe- 
cific gravity than that Avhich developed fibrin. 

The exterior of the substance produced was discoAwed to form, generally under 
the influence of cold, a coating of a dark and coaguliim-like material, sometimes 
enclosing Avell-formed fibrin, Avliicb, seen under the micros(;ope by the reflected 
solar ray, was found to he constituted entirely of coi-puscles. I'hus corpuscles 
Avere seen to be produced in like manner A\^Hh fibrin. WTieii separate these little 
bodies always evinced a tendency to coalesce and unite together, and, like fibrin, 
thus to manifest a force of attraction, particle for particle, hut in a minor degree. 
This poAver was greater or less in proportion to the degree of vital energy of the 
albumen employed. 

* See a paper upon the origin of Fibrin in the Animal Organism, Proceedings of 
Sections, 1870, p. 109, and 1871, p. 72. 
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It was also proved, by frequently r(‘peated experiment, that corpuscles by 
coalescing an.d uniting together develop hbrinous rods and other structures of this 
material. The substance thus formed, when subjected to compression between 
two plates of glass under tlie microscope, actually had its cohesive power over- 
come, and became resolved into corpuscles ; and when the prc'ssure was removed 
sometimes these again united, and developed tibrinous rods and other structures. 
Moreover coipuscles were the last products witnessed during the decomposition and 
disintegration of hbrin. 

It was therefore rendered evident that corpuscles are identical in their nature 
with tibrinous substance, corpuscles and tibriii being mutually convertible into 
each other. 

These two great coagulable and structuro-foriuing components of tlie blood are 
thus seen to derive their origin from like substances, conditions, and agencies — viz. 
the subjection of albuminous material to the agency of water, both which ingre- 
dients are discovered in abundance in the lacteals and absorbents of the body. 

As shown by some of our mo-;t emiiumt physiologists, excess of librin or of 
corpuscles in the human frame indicates a healthy or morbid state' of the organism 
— the preponderance of fibrin being held by them as tlie symbol of the highest con- 
dition of liealtli, whilst the predominance of cor])uscles is equally maintained as 
indicative of a cachectic or otherwise unhealthy stat(' of body : so in these experi- 
ments the coiToborntive ^oice of Nature declares that a biii-li state of vitality in the 
albumen is associated witli the development of fibrin, wliil-t a ]o\v vital energy in 
the substance employed has always a tendency to produce coipuscular products. 


Oa ihc Mode of Format Ion of llmal (\dculi. 

Btj Gkouol IIaklky, .!/./>., F.ILS.^ F.R.CJ\ 

In this communication the author laid down genoi-al laws as being 

applicable to all kiudsof calculi, a f'w of which iv'v the follnwiiig : — 

ist. Calculi may occur at e\ cry ]>‘'"riod (*f life fioin lie* cradh' to the ova\(‘. 

S2nd. In all cases of constitutional concri'tioiits the amount of renal solids mu>t 
be disproportionate to tlie amount of liqaid> excreti'd. 

«‘3rd, Tiiat the deposition of a caleulu> in any part of tlie renal system is in every 
case due to some special local cause. Tin' cause may be trifling and teinporarv; 
but still it must exist. Once, however, tlu‘ concivtioii lias beirun to form tlio 
original exciting cause is soon lo-t sight of, and the calculus goes on forming 
round its nucleus, quite independent of the local coiiditioii which called it into 
existence. 

4th. The vast majority of constitutional calculi, bo tlndr nature xvhat it may 
(oxalate of lime, phosphate of lim«‘, uric acid, xanthin, or cystin ), have their origin 
in the kidneys. 

5th. The colour of the concretion does not always depend upon the nature of 
the substance which is composed, but upon the presence of other colouring-matti'rs 
in the renal secretion. Uric acid calculi, for example, vary in depth of colour 
according as the quantity of urohoematin is small or great ; just as ciy^stals of sugar- 
candy owe their pink, yellow, or other tints to the pigment present in the water 
out of which they are crystallized. I’hosphatic and cystinic calculi foi’ui an 
exception to this rule by refusing to combine with extraneous pigments. 

6th. There are three perfectly distinct modes in which ciAstalloid material 
is deposited in the formation of calculi. 

The first and rarest form of calculi are those which consist of a monster crystiil, 
or an aggregation of monster crystals, and are only to be met with in the case of 
triple phospbates, oxalate of lime, and uric acid. The second is that in which a 
certain amount of colloid is united with the crystalloid material ; one in which 
it may be said that small ciystals separating from the supersaturated renal 
secretion become entangled in mucus, tube casts, epithelium scales, or other colloid 
material, and by fresh aggregations around them gradually become closer and closer 
packed together, until they assume the appearance and properties of a compact 
concretion. The last mode of formation is by the aggregation of molecular atoms, 
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on the principle of molecular coalescence from the union of viscid or colloid materitil 
■with earthy or organic crystalloid matter, in the manner of the formation of the 
dental tissues and shell-structures described by Mr. George liainey. 

^ To these three different modes of constitutional calculus formation the author 
gives the respective names of Crystalline, Orystallo-colloid, and Molecular coales- 
cence. In concluding, the author remarked that the calculi he had been describing 
must not bo confounded with those whicli, for the sake of distinction, might be 
termed accidentally acquired,” such as A^esical, Avhich frequently have for their 
nucleus foreign substances, such as a pea, a barleycorn, a piece of bone, hair, wire, 
a fragment oi‘ sealing-wax, or a portion of catlieter, the irritation of which excites 
the presence of tenacious mucus, blood, or even pus, with Avhich the foreign body 
itself becomes coated, and in and around which crystalloid molecules and actual 
crystals are deposited and form the calculus. 

Lastly. Calculi are not always of uniform composition throughout. Their com- 
^^osition varies at dilferent times with the different states of health of the patient. 
The centre of the concretion may he composed of uric acid, then may come a layer 
of oxalate of lime, and over that another layer of uric acid or of phosphate, so that 
in a section of a calculus the clinical phases through Avhich a patient has past may 
be read as trutlifully as the geologist can read tlie earth’s history iu the strata 
forming its crust. 


On the Stvtfciitre of flieEijcf, and the carltf Devdopinent of the CepJialoj^od 
Loligo. E. lt\Y L AXKixrEii, ]\LA., dlatcr GoJle(je, Oxford, 

The author discussed some points as to the natin-e a,nd mode of formation of 
eggs, ill coniu'xion witli his observations on the eug of tlui cuttleffsh, Lolifjo, 
Emut (*gg is originally a small eorpusdo of protoplasm, like thos() which build up 
the tissues of animals; but it acquirers additional substance, and in some animals 
(for iixtance. bird^) becomes very large before it i> laid. The additional substance 
differs in its character in different animals. In .ipas four original egg-corpuscles 
fuse and form one ('gg, from which one embryo d(''\elops. lu most cases the egg 
groAvs in the ovary by receiving nutrition Irom the blood ; ))ut in many cases (in 
birds, lishcJ^ and in cuttlelidi) the egg i> eontained in a capsule, which is lined 
with liviug corpuscles, and tluxt' are contiimally iiiiiitiplying by division, and 
pass from the capsule into the egu to increase it> hulk. This Air. Laukester had 
demonstrated by sections iu the (*ase of Xo/e/o. iSo far he agreed Avith Prof. Ilis; 
but he did not iiud that the^e corpu>cles remained aliAO and heljied to form the 
eiubiTO cuttkr ii>h. The egg of Lo/n/o Avheii laid AA^as a perfectly homogeneous 
mixturt‘ of albuminous matters of (a) the original egg-corpiisele, {h) the corpuscles 
from the capsule, and (c) the male spermatozoa. Erom this mixture there segre- 
gated at lirst to one pole plastic matter, Avliich broke up into corpuscles (“klasto- 
plasts forming a cap (a elk-cleavage). Outside this cap of cleavage-corpuscles 
other large coiq)uscles (‘’ autoplasts ”) then made their appearance by a neAv and 
independent process of segregation (frei' cell-formation ) ; and these hecanie branched, 
forming a deep or middle layer iu the emluyo, Avhilst the cleavage-corpuscles spread 
over them at a higher level. 

Microzi/ine^ as partial Blonta. Bp Pr. John Boss. 


Idote on Huizinga’s Eaperlments on Ahlogenesls, Bp Pr. Btjkdon Sanderson. 

Under the title of a Contribution to the question of Abiogenesis,” Prof. 
Huizinga has very recently published (Pfl tiger’s Archiv, vol. vii. p. 549) a series of 
experiments which deserve notice, as constituting a iieAv and carefully worked out 
attempt to support the doctrino of spontaneous generation. 

Prof. Huizinga begins his paper Avith the words Multa renascentur quae |am 
cocidere,” using them as an expression of the recurring nature of this question, 
lie then proceeds to say that he was induced to undertake his inquiry by the 
publication of the welLknown work by Pr. Bastian (whom he compHinents as 
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liaving awakened tlie exliaiisted interest of physiologists in the suhject), his special 
object being to repeat the inuch-discussod turnip-cheese experiment. 

Every one knows what Dr. Bastian’s observation is. It is simply this, viz. that 
if a glass flask is charged with a slightly alkaline infusion of turnip of sp. gr. 1015, 
to which a trace of cheese has been added, and is then subjected to ebullition for 
ten minutes and closed hermetically while boiling, and finally kept at fermentation 
temperature. Bacteria develop in it in the course of a few days. This experiment 
has been repeated by Huizinga with great care, and the accuracy of Dr. Bastian’s 
statement of fact confirmed by him in every particular ; yet, notwithstanding this, 
he thinks that the evidence afforded by these results in support of the doctrine so 
inadequate, that he, desiring to iind such evidt'iice, has thought it necessar}^ to 
repeat the observation under wliat he regards as conditions of greater exactitude. 

Huizinga’s objections to Bastian's experiment are two. First, that when a flask 
is boiled and closed hermeticallv in ebullition, its contents are almost entirely 
deprived of air ; and, secondly, that cheese is a substance of mixed and uncertain 
composition. To obviate the first of these objections he closes his flasks, after ten 
minutes’ boiling, not by hermetically sealing them, but by placing over the mouth 
of each, while in ebullition, a porous porcelain platt‘ which has first been removed 
from the flame of a Bunsen's lamp. The hot porcelain plate is made to adhere to 
the edge or lip of the flask by a layer of asphalt, with which the edge has been 
preidoUvsly covered. The purpose of this arrangement is to allow air to enter the 
flask at the same time that all germinal matter is excluded. It is not necessary to 
discuss whether this is so (*r not. 

To obviate the second objection he alters the composition of the liquid used ; 
he substitutes for chet'se, peptone : and for turnip-infusion, a mixture of the fol- 
lowing composition in 1000 parts : — 

Grape -sugar 

l\)tas&ium nitrate. . 

Magne'-ium sulphate 

Calcium phospiiate 

The phosphate is pnq^ared by precipitating a solution calcium cliloride with 
ordinary sodium phosphate, taking care that the cliloridi' is in excess. The preci- 
pitate of neutral phosphate so obtained i^ waslu'd and thou added to the saline 
solution in the proportion given. On boiling it is converted into soluble acid 
phosphate and insoluble basic salt, of which the latter is removed ]>y infiltration ; 
consequently the proportion of phosphate in solution is less than that above indi- 
cated. To the filtrate, peptone is added in the proportion of 0 4 per cent. 

The peptone is obtained by digesting egg-albumen at the temperature of the 
body in artificial gastric juice, made by adding tlie proper quantity of glycerine 
extract of pepsin to xvater acidulated with hydrochloric aciu. 4die liquid so ob- 
tained is tirst rendered alkaline by the addition of liquor sodm, then slightly 
acidulated xvith acetic acid and boiled. The syntoniii thus precipitated is sepa- 
rated by infiltration from the clear liquid, which is then evaporaft'd to a sirup and 
poured in a thin stream into strong alcohol with constant agitation. The preci- 
pitated peptone is separated after some hours and washed with alcohol, and re- 
dissolved 111 a small quantity of water. Tlie solution is again precipitated by 
pouring it into alcohol in the same xvay as before, and the precipitate washed and 
dried. 

Flasks having been half filled with the liquid thus prepared (in 1000, two each 
of nitre and Epsom salts, a trace of phospiiate of lime, twenty-five parts of grape- 
sugar, and four parts of peptone), each is boiled for ten minutes, closed while boil- 
ing with the earthenw’are plate as above described, and plac(;d as soon as it is cool 
in the warm chamber at 30^ C. The experiment so made gave, without any 
exception, a positive result in ev<‘ry case. After rtvo or three days the fluid was 
crowded with actively moving Bacterium termo. 

In June last I published in ^ Nature ’ a repetition of Dr. Bastian’s experiments, 
with a variation not of the liquid, but of the mode of heating. Instead of boiling 
the flasks for ten minutes over the open flame and closing them in ebullition, I 
boiled them, closed them hermetically, and then placed them in a digester, in 


25 grammes. 

o 

- 

o 
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0'4 gramme. 
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which they were subjected to ebullition under a pressure of 2 inches or more of 
mercury. The result was negative. There was no development of Bacteria. 

Since the publication of these experiments Huizinga^s have appeared. Ilis 
result, regarded as a proof of spontaneous generation, is clearly not superior to 
Bastian’s. His substitution of a soluble immediate principle for an insoluble mixed 
product like cheese, and the use of a definite solution of sugar and salts, are not 
material improvements. The question is not whether the germinal matter of 
Bacteria is present, but whether it is destroyed by the process of heating. Conse- 
quently what is necessary is not to alter the liquid, but to make the conditions 
of the experiment, as regards temperaturci, as exact as possible. In this respect 
Huizinga’s experiment is a confirmation of Bastian’s, and nothing more. 

I have recently repeated Huizinga’s experiments with the same modifications as 
regards temperature as tliose employed in my repetition of the turnip-cheese experi- 
ments. The result has been the same. In all essential respects I have followed 
the method described by him in his paper. 1 have prepared the solution of salts, 
grape-sugar, and peptone in exact accordance with nis directions. To obviate his 
objection as to the absence of air, I have introduced the liquid, not into flasks, but 
into strong glass tubes closed hermetically at each end and only half filled with 
liquid, the remaind(‘r of tlie tube containing air at the ordinary tension. Each of 
these tubes, after liaving been subjected to the temp(‘rature of ebullition under 2 
inches of mercury for half an hour, has been kept since September 10 at the tem- 
perature of fi'rmentation (.*12^ 0.). Up to the time of my leaving London for 
Bradford no change whatever had taken place in the liquid. 

As a control experiment I opened one of the tubes immediately after boiling, and 
introduced a drop of distilled water. It became opalescent in twenty- four hours. 


On the Electrical Phenomena which accompany the Contractions of the Leaf of 
Dioiima muscipula. By Dr. Burdon Sanderson. 

It is well known that in those structures in the higher animals which are 
endowed with the property of contracting when stimulated, viz. nerve and muscle, 
this property is associated with the existence of voltaic currents which have defi- 
nite directions in the tissue. Th(*<e currents have been the subject of very careful 
observation by phy. biologists. They require delicate instruments for their investi- 
gation, but the pheiioiueiia dependent on them admit of the application of the most 
exact measurtmients. The constant current which can bo shown to exist in a 
muscle is called the normal current. The most important fact with reference to it 
is that it exists only so long as the muscle is alive, and that it ceases during the 
moment that the muscle is thrown into action. Other characteristics of the 
muscle-currents were referred to, wliich we have not space to mention. 

In certain plants said to possess the property of irritability, contractions of cer- 
tain organs on irritation occur which strikingly suggest a correspondence of func- 
tion between tliem and the motor organs of animals. Among the most remarkable 
are those of Drosera and some other plants belonging to the same natural order, 
particularly the well-known Venus’s Flytrap {Dioncea mascipida). The sensitive 
plant, the common monkey flower, the rock Cistas, aflbrd other examples. 

Strange as it mav seem, the question whether these contractile movements are 
accompanied with tlie same electrical changes as those which occur in the con- 
traction of muscle and in the functional excitation of nerve has never yet been 
investigated by vegetable physiologists. Mr. Darwin, who for many years has 
devoted much attention to tlie animal-like functions of Dioncea and Drosera^ 
kindly furnished plants for the purpose of the necessary experiments, which have 
been made by Dr. Sanderson in the laboratory of University College, London. The 
result has been that the anticipations he had formed have teen confirmed as to the 
existence of voltaic currents in these parts, and particularly in the leaf of Dioncea. 
By a most remarkable series of experiments, made with the aid of Sir W. Thomson’s 
galvanometer, he has shown that these currents are subject, in all respects in which 
they have been as yet investigated, to the same laws as those of muscle and nexwe. 
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On the Diverticulum of the Sinall Intestine in Maiii considered as a Dudimentary 
Structure. By Professor C. A. Struthers. 

On the Development of the Armadillo's Teeth. By C. S. Tomes. 

Notes on the Anatomy and Physioloyy of the hidian Elephant. 

By Dr. Morrison Watson. 

[Printed in extenso in Uio ‘Journal of Anatomy and Pliysiology’ for Nor. 1B73.] 


ANTlIROPOLOOr. 

Address to the Deyartmtni of Anthropology, 

By John Peddoe. M.J)., F.li.S. 

The position of Anthropology' in the Dritish Association, as a peiinaiient depart- 
ment or the Section of ihology, being now fully assured, and its relations to the 
allied and contributory science^ beginning to be well understood and acknowledged, 
1 have not thought it necessary, in opening the ))U>ine<s of the department, to 
follow the exam})le of my predecessors, Pr(de>sor Turner and ('olomd Lane Fox. 
The former of these gentlemen, at our tklinburgh Meeting, demoted his opening 
address to the detinilion, history, and boundaries ol our science ; the latter, at 
Brighton, in the elaborate essay which many of you must hate listened to, not 
only discussed its re]atioii> to other science.^, but gave an illu^trati\e survey of a 
great portion of its field and of several of its problems. 

But while, on the one band, I feel myself incompetent to follow these prece- 
dents with success, ou the other I am encourngfal to take a diflerent line by the 
consideration tliat if, as we are fond of saying in this department, the proper 
study" of mankind is man** — if, that is, anthropology ought to interest every" body', 
then assuredly' the anthropology' of York>hire ought to iiittTest a A'orkshire 
audience. 

Large as the county is, and sliarply marked off into districts by striking 
diversities of geological structure, of climate, and of surface, there is an approach 
to unity in its political and etlinological history which could scarcely have been 
looked for. Keveilhcless we must bear in mind the threefold division of the 
shire — not that into ridings, but that pointed out by' nature. We have, fii’st, the 
western third, the region of Carboniferous limestone and Millstone-grit, of naiTow 
valleys and cold rainy moorlands ; secondly, the great plain of York, the region, 
roughly speaking, of the Trias, monotonously fertile, and having no natural 
defence except its numerous rivers, which, indeed, have sometimes served rather as 
a gatew^ to the invader than ns a bulwark against him ; to this plain Ilolderness 
and the vale of Pickering may' be regarded as eastern adjuncts. Thirdly', we have 
the elevated region of the east, in the two very dissimilar divisions of the moor- 
lands and the wolds ; these are the most important parts of Yorkshire to the 
prehistoric archaeologist, but to the modern ethnologist they are comparatively of 
little interest. 

The relics of the palaeolithic period, so abundant in the south of England, are, 
I believe, almost wholly wanting in Yorkshire, where arcliaiology" begins with 
the neolithic age, and owes its foundations to Canon Grecnwell of Durham, Mr. 
Mortimer of Driffield, Mr. Atkinson of Danby, and their predecessors in the ex- 
ploration of the barrows of Cleveland and the Wolds, whose results figure largely 
in the ^ Crania Britannica ’ of Davis and Thurnani, themselves, by the way', botli 
'natives of the city of York. 

The earliest inhabitants wo can distinctly recognize were the builders of certain 
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long barrows, sucb as that of Scamridge in Cleveland. There is still, I believe, 
some difference of opinion among the anthropologists of East Yorkshire (where, 
by the way, in the town of Hull, the science flourishes under the auspices of a 
local Anthropological Society) — still, I say, some difference of opinion as to 
whether the long-barrow folk were racially diverse from those who succeeded 
them and who buried their dead in round barrows. But Canon Greenwell at 
least adheres to Thurnam’s doctrine, and holds that Yorkshire, or part of it, was 
occupied at the period in question, perhaps 3000 years ago, by a people of moderate 
or rather short stature, with remarkably long and narrow heads, who were ignorant 
of metallurgy, who buried their dead under long ovoid barrows, with sanguinary 
rites, and who labour under strongly founded suspicions of cannibalism. 

Of the subsequent period, generally known as the bronze age, the remains in 
Yorkshire, as elsewhere, are \astly more plentiful. The Wolds especially, and the 
(heveland hills, abound with round barrows, in which either burnt or unburnt 
bodies have been interred, accompanied sometimes with weapons or ornaments of 
l)ronze, and still more often with flint arrow-hetids. Where bones are found, the 
skull presents what Barnard Davis considers the typical British form ; i. e. it is 
generally I’ather short and broad, of considerable capacity and development, with 
fc'atures harsh and bony. The bodily frame is usually tall and stalwart, the 
stature often exceeding 0 feet, as in tin' w^ell-known instance of the noble savage of 
GriHtlioi’]>e, wliose skeleton is preserved in the Scarborough Museum. 

Though certain facts, such as the known use of iron in Britain before Caesar’s 
time and its (‘xtreine rarity in tlie>e barrows, and some little dilference in pro- 
portion betw('(m the skulls just described and the type most common among our 
modern Biitisli Kelts, do ct'rtainly leave room for doubt, I have little liesitation in 
ref(‘rriiig tlicsi^ round barrows to the Brigantes and Barisii*, the known occupants 
of Yorkshire before the Bonian conquest. 

Both what 1 wdll term provisionally the pure long-barrow and the pure roimd- 
baiTow Dqies of cranium are represented among our modern countrymen. But the 
former is extremely rare, while the latter is not uncommon. It is probable enough 
tliat the older typ(^ may, in amalg-amating w'ith the newer and more powerful oiie, 
have bequeathed to the Kelts ot our own time the rather elongated form which 
prevails among them. YTiether tliis same old(‘r type was really Iberian is a point 
of gi’eat interest, not yet ripe for determination. 

Anotlier moot pokit is the extent to v. bicli the ])opiilation of modern England is 
derived from tin* colonists introduced undt'r the Boinan occupation. It is my own 
impression that tin* ext(mt, or rather the intensity of sncli colonization, has been 
over(‘stimat('d by my friend iMr. d'liomas Wright and bis disciples. I take it that, 
in this respect, Ylie Boiiian occnpalioii of Britain was somewhere between our 
own occupations of India and of South Africa, or perhaps still more nearly like 
that of Algeria by the French, who have their roads, villas, and military esta- 
blishments, and even considerable comnuiiiities in some of the towns, but who 
constitute but a -very small percentage of the population, and whose traces would 
almost disappear in a few generations, could the communication with the mother 
country ho cut olf. 

If, however, any traces of the blood of the lordly Homans tliemselves, or of that 
more numerous and heterogeneous mass of people whom they introduced as 
legionaries, auxiliaries, or colonists, are yet recognizable anywhere in this county, 
it niav probably be in the city of Y^orlv, or in tlie nciglibourbood. of Catterick. 
The size and splendour of ancient Eburacum, its occupation at various times as a 
sort of military capital by the Emperor Severus and others, its continued existence 
through the Anglian and Anglo-Danish ptudods, and its subsequent comparative 
freedom from such great calamitiesf or vicissitudes as arc apt to cause great and 
sudden changes of population, might almost induce us to expect to find such vestiges. 
If Greek and Gothic Flood still asst'rt themselves in the features and figures of the 
people of Arles, if Spanish characteristics are still recognizable in Bruges, why not 
Italian ones in YFrk ? It may be so ] but I must confess that I have not seen 

* It has been conjectured that the Parisii v'cre Frisians ; but I think it very unlikely. 

t Unless, indeed, York was the “ municipal town” occupied by Oadwalla, and besieged 
by bis Anglian adversaries. 
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thgm, or have failed to recognize them. Catterick, the site of ancient Oataracto- 
nium^ I have not visited. 

Of the Anglian conquest of Yorkshire we know very little, except that it was 
accomplished gradually by successive efforts, that the little district of Elmot, in 
the neighbourliood of" Leeds, continued British for a while, and that Carnoban 
(which is almost certainly Craven) is spoken of by a Welsh writer as British after 
all the rest of the country had ceased to be so — a statement probable enough in 
itself, and apparently corroborated by the survival of a larger number of Keltic words 
in the dialect of Craven tlian in the speech of other parts of Yorkshire. 

Certain regulations and expressions in the Northumbrian laws (among others the 
less value of a chuvl’s life as compared with that of a thane) have been thought to 
indicate that the proportion of the British population that remained attached to 
the soil, under Anglian lords, was larger in the north than in some other parts of 
England. The premises are, however, insufticient to support the conclusion j and, 
on the other hand, we are told positively by Bede that Etlielfrith Fleisawr drove 
out the British inhabitants of extensive districts. The singular di.scoveries 
of Boyd Dawkins and liis coadjutor.s in the Settle Cave, where elaborate orna- 
ments and enamels of Iloinano-Britisli typ(‘ are found in conjunction with indica- 
tions of a squalid and miserable mode of life long endured, attest clearly the 
calamities of the natives about tliat period (tlie early part of the seventh century), 
and show that even the remote dales of Crav^m, the least Anglian part of York- 
shire, afforded no secure refiiue to the Britons of the plains, the unfortunate heirs 
of Roman civilization and Roman weakmvss. The evidence yielded bv local names 
does not differ much from that of the same kind in other parts of England. It 
proves that enow of Welshmen survived to transmit their names of the principal 
natural features (as Ouse, Derwent, Wharfe. Dun, Ro.seb<uTy, Ren-y-geut), and of 
certain towns and villages (as York, Catterick, Beverley, and Ilkley), but not 
enow to hinder the speedy adoption of the new language^, the renaming of many 
settlements, and the formation of more new ones with Anglian names. The sub- 
sequent Danish invasion slightly complicated this matter ; but I think it is pretty 
safe to say that the changes in York.shire were mort* nearly universal than in 
counties like Devonshire, where we know that tlie descendant.s of the AWlsh con- 
stitute the majority. If the names of the rivers Swale and Hull be really Teutonic, 
as Greta undoubtcdlv i'^, the fact is significant; for no Htr(3ani of equal magnitude 
with the Swale, in the south of England, has lost its Keltic appellation. 

We do not know much of the Anglian type, as distinguished from the Scandi- 
navian one which ultimately overlaid it almost e\ cry where to a greater or les.s 
depth. The cranial form, if one may judge of it by the skulls found in the ancient 
cemetery of Lamel Hill near York, was not remarkably fine, certainly not superior 
to the ancient British type as known to us, to wliich, moreover, it was rather in- 
ferior in capacity. There is some resemblance between these Lamol-IIill crania 
and the Belair or Biirpvmdian type of Switzerland ; while the Sion or Helvetian 
type of that country bears some likene.ss to our own Keltic form. 

" I'he group of tumuli called the Danes’ Graves, lying near Driliield, and described 
by Canon Green well in the ^ Archjeological Joiirnar, have yielded contents whicli 
are a puzzle for anthropologists. Their date is subsequent to tlie introduction of 
the u.se of iron. Their tenants were evidently not Christians ; hut they belonged to 
a settled population. The mode of interment resembles nothing Scandinavian ; 
and the form of the crania is nan’ower than usual, at least in modern times, in 
Norway and Denmark. It is hazardous to conjecture any tiring about them ; but 
I should be more disposed to refer tlieni to an early Anglian or Frisian settlement 
than to a Danish one. 

We come now to the Danish invasions and conquest, which, ns well as the 
Norman one that followed, was of more ethnological importance in Yorkshire than 
in mo.st other parts of England. The political liistory of Deira from the ninth 
century to the eleventh, tlie gi’cat number of Scandinavian local names (not 
greater, however, in I'orkshire than in Lincolitshire), and the peculiarities of the 
local dialect, indicate that Danes and Norwegians arrived and settled, from time 
to time, in considerable numbers. But in estimating those numbers we must 
make allowance for their energy and audacity, as well as for the very near kinship 
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between the Danes and the Northumbrian Angles, which, though it did not pre- 
vent sanguinary struggles between them at first and great destruction of life, must 
have made amalgamation easy, and led the natives readily to adopt some of the 
characteristics of the invaders. 

Whatever the Danish element in Yorkshire was, it was common to Lincolnshire 
and Nottinghamshire and to the north-eastern part of Norfolk, and it was com- 
paratively weak in Northumberland and even in Durham. In Yorkshire itself it 
was irregularly distributed, the local names in hy, toft, and thwaite and the 
like being scattered in a more or less patchy manner, as may be seen on Mr. 
Taylor’s map. They are very prevalent in Cleveland, as has been shown by Mr. 
Atkinson. Again, the long list of the landowners of the county under Edward 
the Confessor, given in Domesday book, contains a mixture of Anglian with 
Scandinavian names, the latter not everywhere preponderating. Here, again, 
Cleveland comes out very Danish. I am inclined to believe that the Anglian 
population was, in the first fury of the invasion, to some extent pushed westwards 
into the hill-country of the West Riding, though even here distinctly Danish 
names, such as Sowerby, are quite common. Beverley and Holderness perhaps 
remained mainly Anglian. 

The Norman conquest fell upon Yorkshire, and parts of Lancashire and Durham, 
with unexampled severity. It would seem that the statement of William of 
Malmesbury, that the land lay waste for many years through the length of 60 miles, 
was hardly, if at all, exaggerated. The thoroughness and the fatal effects of this 
frightful devastation were due, no doubt, partly to the character of William, who, 
having once conceived the design, carried it out with as much completeness and 
regularity as ferocity, and partly to the nature of the country, the most populous 
portion of which was level and devoid of natural fastnesses or refuge — ^but also, in 
some degree to the fact that the Northumbrians had arrived at a stage of material 
civilization at which such a mode of warfare would be much more formidable than 
while they were in a more barbarous condition, always prepared for tire and sword, 
and living, as it were, from hand to mouth. Long ages afterwards the Scots told 
Froissart^ informants that they could aftbrd to despise the incursions of the English, 
who could do them little harm beyond burning their houses, which they could soon 
build up again with sticks and turf; but the unhappy Northumbrians were already 
beyond that stage. 

In all Yorkshire, including parts of Lancashire, Westmoreland, and Cumberland, 
Domesday numbers only about 500 freemen, and not 10,000 men altogether. This 
great destruction, or rather loss of population (for it was due in some measure to 
the ^e or forced emigration to Scotland of the vanquished), did not necessarily 
imply ethnological change. Let us examine the evidence of Domesday on this 

S oint. It agrees with that of William of Malmesbury, that the void created by 
evastation remained a void, either entirely or to a great extent. Whole parishes 
and districts are returned as waste. In one instance ilC freemen (sockmanni) 
are recorded to have held land in King Edward’s time, of whom not one remained; 
in another, of 108 sokemen only 7 remained. But foreigners did settle in the 
county to some extent, either as military retainers of the new Norman lords, as their 
tenants, or as burgesses in the city of York, where 145 franoigenoe (Frenchmen) 
are recorded as inhabiting houses. 

Of the number maintained by way of gamsons by the new nobility, one can 
form no estimate ; but considering the impoverished and helpless condition of the 
surviving natives, such garrisons would probably not be large. But from the 
enumeration of mesne tenants, or middlemen, some inferences may perhaps be 
drawn. On six great estates, comprising the larger part of Eastern and Central 
Yorkshire, sixty-eight of these tenants are mentioned by name, besides 11 milites, 
or men-at-arms. Only 11 of the 68 bear names undoubtedlv English ; and none of 
them have large holdings, as is the case with some of tliose bearing Norman names. 
On the lands of Drogo do Bevrere, about Holderness, several of the new settlers 
were apparently Flemings. 

The western part of the county, however, or the greater part of it, had been 
granted to two lords who pursued a more generous policy. Alan, count of Bretagne, 
the founder of Richmond, had twenty-three tenants, besides twelve milites, men- 
1873. 
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at-aarms with very small holdings. Of the twenty-three, dine were Englishmen, ‘in 
several instances holding as dependents the whole or pail; of what had been their 
own freeholds. The Breton ballads and traditions seem to favour the supposition 
that Count Alan^s Breton followers mostly returned home ; and Count Hersart cle 
la Villemorqu^e, the well-known Breton archaeologist, informed me that his 
ancestors returned to Bretagne from Yorkshire in the twelfth century. On the 
whole, I do not think it probable that the Breton colony was numerous enough to 
leave distinct and permanent vestiges ; but if any such there are, they may be 
looked for in the modern inhabitants of Richmond and Gilling. 

Ilbert de Lacy, again, had a great domain, including most part of the wanentakes 
of Morley, Agbrigg, Skyrack, and Staincross — extending, that is, far to tne north 
and south of our present place of meeting. Bradford, by the way, was then hardly 
so important and wealthy as at the present day. A thane named Gamel had held 
it in the time of Edward the Confessor, when it was valued at four pounds yearly ; 
but at the time of the survey it was waste and worth nothing. 

Sixty-seven mesne tenants under Ilbert de Lacy are mentioned, of whom no less 
than forty-one bore English names, and only twenty-six foreign ones. It is pro- 
bable therefore that in this important part of the county the ethnological change 
wrought by the Conquest was not greater, if so great as in England generally, but 
that in the centi’e, east, and north-east it was of some moment, and that the 
Scandinavian element of population sutlered and lost more than the Anglian. 

It might be a matter of some interest to a minute ethnologist or antiauarian to 
trace out fully the local history after the Conquest from an ethnological point of 
view, investigating particularly the manner and source of the repeopling of the 
great plain of York. 

After this had been completed, no further change of ethnological importance took 
place during several centuries. The Flemings and Frisians, who, in considerable 
numbers, settled at various times in Leeds, Halifax, and Wakefield, whether drawn 
hither by the course and opportunities of trade, or driven by the persecutions of 
Philip fl. and the Roman Catholics, brought in no new element, and readily 
amiilgamated with the kindred race they found here. 

The more recent immigrations into the West Riding and Cleveland from all parts 
of Britain, and even from the continent of Europe, have interest of other, kinds. 
Vast as they have been, they have not yet obscured in any great degree the local 
types, physical or moral, which still predominate almost everywhere, though 
tending of course to assimilate themselves to those of .the mixed population of 
England in general. 

In describing these t^^^es I prefer to use the words of Professor Phillips, who, in 
his * Rivers of Yorkshire,* has drawn them in true and vivid colours, lie speaks 
of three natural groups : — 

First. Tall, large-boned, muscular persons ; visage long, angular ; complexion 
fair or florid ; eyes blue or grey ; hair light, brown or reddisn. Such persons in all 
parts of the county form a considerable part of the population. In the North 
liiding, from the eastern coast to the w’estem mountains, they are plentiful. 

‘^Second. Person robust; visage oval, full and rounded; nose often slightly 
aquiline ; complexion somewdiat embrowned, florid ; eyes brown or grey ; hair 
brown or reddish. In the West Riding, especially in the elevated districts, veiy 
powerful men have these characters. 

** Third. Person of lower stature and smaller proportions ; visage short, rounded ; 
complexion embrowned ; eyes very dark, elongated; hair very dark. Individuals 
having these characters occur in the low er grounds of Yorkshire, as in the valley 
of the Aire below Leeds, in the vale of the Derwent, and the level regions south 
of York.” 

I have chosen to quote from Professor Phillips rather than to give descriptions 
of my own, both because his acquaintance with the facts is more extensive than 
mine, and bDcause I derire to pay my small tribute to the genius and insight of the 
author of a work so unique and so admirable as his upon Yorkshire. 

He ascribes the first and second of these types mainly to a Scandinavian, the last 
to a Romano-British, or possibly Iberian origin ; and appeal's to think that the 
first, the tall, fair, long-faced breed, resembles the Sweaes, and that the 0econd| 
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the brown burly breed of the West Riding, is more Norwegian in cbaraoter. fie 
probftbly selecta the Swedes as the purest or most typical of the Scan^nayian 
nations. For my own part, I am disposed to treat the first as Norwegian more 
than Anglian, the second as AngHan rather than Norse, and Norse rather than 
British, The tall fair type engrosses most of the beauty of the nortl^ having 
often an oval face, with a fine straight profile nearly apiproaching the Greek, as 
Knox and Barnard Davis, two close observers, have both remarked. And it is 
markworthy that it reappears in force almost everywhere in Britain where Norse 
blood abounds, e,g. in Shetland, Orkney, Caithness, in the upper class of the 
Hebrideans, in Cumberland, Westmoreland, and Lonsdale, about Lincoln (where 
Professor Phillips also noted it) and the Vale of Trent, and about the towns of 
Waterford and Wexford. The second type, on the other hand, much resembles a 
prevailing form in Staffordshire, a very Anglian county. A notable point about it 
is the frequency of eyes of a neutral undecided tint, between light and dark, green, 
brown, and grey, the hair being comparatively light. The third is of more doubtful 
and of more manifold origin. Iberian, Britokeltic, Koman, Breton, Frenchman, 
may all or any of them have contributed to its prevalence. I am inclined to think, 
though on rather slender grounds, that it is common in some of the districts de- 
populated by the Conqueror. Professor Phillips speaks of its smaller proportions ; 
but it includes many robust men. It is probably far from well representing the 
Brigantian type, which seems to me to have influenced the other types, but rarely 
to crop out at all purely. 

The breadth of the head is on the average somewhat greater in Yorkshire than 
in other parts of Britain ; so we are informed by the hatters. In this the natives 
of Yorkshire agree with those of Denmark and Norway, who have rather broader 
heads than those of Sweden and Friesland. 

I have already spoken of the colours of the eyes and hair. The latter is on the 
whole lighter in Yorkshire than in most parts of England ; but dull rather than 
bright shades prevail. In the east, at Wnitby, Bridlington, and Beverley, inTees- 
dale and Middle Airedale, light hair is particularly abundant 5 in Craven, as might 
have been expected, it is less so ; other parts of the county are not so well known 
to me ; and in this matter I have to trust to my own observation. 

As to the stature and bulk of the people, however, I have much and accurate 
information, through the kindness of numerous obsers^ers, some of them of repute 
(U 9 naturalists. These are Mr. Atkinson of Danby, Mr. Tudor of Kirkdale, Dr. 
Wright of Melton. Dr. Christy of the North Riding Asylum, Drs. Kelburne King 
and Casson of Hull, Mr, Ellerton of Middlesborou A, Mr. Wood of Richmond, Mr. 
Kaye of Bentham, Mr. Edy of Grassington, Dr. Paley of Ripon, Dr. Ingham of 
Haworth, Messrs. Armitage of Famley, Dr.Wood of Kirkby Overblow, Dr. Aveling 
and Mr. Short of Sheffield, Mr. Milner, late of Wakefield Prison, and a clergyman 
on the Wolds, whom the prejudices or fears of his parishioners will not allow me 
to name. ^^A Yorkshireman,^^ complained this last gentleman, is a difficult animal 
to catch and weigh and measure but a very large number of them have been 
subjected to these processes by my obliging correspondents. The general result ia 
that in the rural districts they are remarkably tall and stalwart, though not, except 
in parts of the west, so heavy as their apparent size would indicate — but that in the 
towns, and especially in Sheffield, they rapidly degenerating ; and I conclude 
from the Haworth report that the same is the case in the manufacturing villages. 
In many of the rural districts the average ra^es between 5 feet 8 and 5 feet 9 inches, 
and about Richmond and on the Bentham Fells is considerably higher ; while at 
Sheffield, and even at Haworth, it may hardly reach 5 feet 6 inches. The causes 
of this great degeneration are manifold : some of them may easily be traced ; but 
either the will or the power to remedy the evil is wanting. 

Of the moral and intellectual endowments of Yorkshiremen, it may perhaps 
appear presumptuous or invidious to speak ; but the subject is too interesting to be 
passed by in silence, and I will endeavour to treat it without either ^^extenuating, 
or setting down augnt in maUce/^ In few parts of Britain does there exist a more 
dearly marked moral type. To that of the Irish it has hardly any affinity 5 but 
the Scotchman and the Southern Englishman alike recognize the differences which 
the Yorkshire character from their own^ but are not eo apt to appre^ 
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ciatid the numerous respective points of resemblance. The character is essentially 
Teutonic^ including the shrewdness, the truthfulness without candour, the perse- 
verance, energy, and industry of the Scotch, but little of their fru^lity^ or of 
the theologies instinct common to the Welsh and Scotch, or of the imaginative 
genius, or^the more brilliant qualities which sometimes light up the Scottish 
character. 

The sound judgment, the spirit of fair-play, the love of comfort, order, and 
cleanliness, and the fondness for heavy feeding are shared with the Saxon 
Englishman ; but some of them are still more strongly marked in the Yorkshire- 
man, as is also the bluff independence — a very fine quality when it does not degene- 
rate into selfish rudeness. The aptitude lor music was remarked by Giroldus 
Cambrensis seven centuries ago ; and the taste for horseflesh seems to have 
descended from the old Norsemen, though it may have been fostered by local 
circumstances. The mind, like the body, is generally very vigorous and energetic, 
and extremely well adapted to commercial and industrial pursuits, as well as to the 
cultivation oi the exact sciences ; but a certain defect in imaginative power must, 
I think, be admitted, and is probably one reason, though obviously not the only 
one, why Yorkshire, until quite modem times, was generally behindhand in politics 
and religion, and why the number of her sons who, since Ciodmon, have attained 
to high eminence in literature is not above the average of England. 


Note on the Iberians. By John Beddoe, M.B.^ F.R.8. 

The writer briefly adverted to : — 1st. The longer heads and more fre(j[uently light 
hair of the Spanish Basques as compared with the modem Aquitanians. 2ndly, 
The probable presence in Aquitaine of a melanochroic element of population, 
neither Basque, Kymric, nor Gaelic, but possibly Ligurian. 8rdly. The presence 
of a common element in the populations of the Basque countries, of Bretagne, and 
of Wales, indicated by certain physical types. 


The Serpent in conmxion with Primitive Metallurgy, By A. W. Bitckland. 

In considering the innumerable serpent legends which have descended to us from 
an immeasurabm antiquity, we cannot fail to be struck with the remarkable fact 
that by far the larger number represent the serpent either as the guardian of hidden 
treasure and revealer of hidden knowledge, or as in some way connected with gold 
and gems. Pursuing our inquiries further, we find almost mvariably that all the 
heroes and gods with whom the serpent is associated are also credited with some 
mysterious power over riches, agriculture, and atmospheric phenomena : they are 
always the pioneers of civilization, the teachers of agriculture and of mining : their 
age is the golden age of the people over whom they reign ; and in all these instances 
the serpent is the Agathodasmon, the good and benevolent deity, sometimes the 
creator, almost always the first and oldest of gods or demigods, and in this character 
is generally accompanied by an egg as an emblem of the world, or a cone symbolical 
of the sun or fire, these serpent races being in variably worshippers of the sun and earth. 
But we find that this character of the serpent is confined to Turanian races, or to those 
nations who have at some time or other passed under Turanian influences. Among 
the Aryans and Semites the serpent is looked upon as a form of evil, although this 
idea is modified in many cases by a sm*vival of primitive belief, so that in Hindostan 
he is still regarded with veneration, although the origin of that veneration can 
generally be traced to aboriginal tribes. It would therefore appear that the serpent 
may yet become a very important ethnological guide ; and being traced back to the 
age of totemism, and read by the light of legends confirmed by early monuments, • 
it may probably be assumed that the primitive tribe or tribes bearing the serpent 
as a totem were also the first metal workers, and had acquired their knowledge of 
nietals in some way through the instrumentality of the totem, for this reason so 
highly and so widely venerated. It would also appear that these early serpent 
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tribes carried tbeir knowledge from the parent hive (probably in Central Asia or 
India, ^ where the precious metals abound) across Asia, Africa, Europe, and even to 
America, leaving traces of their presence everywhere in serpent symbols, serpent 
mounds, megalitnic monuments, and the earliest traces of metallur^, confined, 
however, to the use of the three precious metals in their pure unsmelted form. And 
it would further appear that the connexion with America was broken before smelted 
metals and iron became known, the art of smelting having probably been an acci- 
dental discovery of the Aryan successors of the early serpent tribes. This serpen- 
tine origin of metallurgy the author has endeavoured to set forth at some length 
in this paper, believing it to be a matter worthy of further investigation, being 
a|)parently confirmed by the present veneration of the serpent existing among 
Turanian races, and the absence of se^ent traditions among savages living in a 
purely stone ago, excepting in the Fiji Islands, where the innabitants bear traces 
of great admixture with Asiatic tribes. 


Observations on Professor GcnnarellTs Paper On the Existence of a Race of 
Red Men in Northern Africa and Southern Europe in Prehistoric TimesP 
By C. H. E. Carmichael, M.A. 

This commimication gave an analysis of a paper recently read before the Anthropo- 
logical and Ethnological Society of Italy by Prof. Gennarelli. The arguments ad- 
duced rest partly on the exposition of various myths, and partly on so-called histo- 
rical evidence furnished by the hieroglyphics of Egypt and the pottery of Etruria, 
where representations of men are coloured red, and those of women of a lighter shade. 
As a consequence of the discussion of Gennarelli^s hypothesis, an Italian Committee 
has been formed for the study of the primitive races of Italy. 


On Prehistonc Names of Weapons* By Hyde Clarke. 

This was a first attempt to apply the evidence of philological science to the con- 
sideratitm of the distribution of the names of weapons in illustration of the distri- 
bution of the weapons themselves among various races. Examples were taken from 
the Indian region, West Africa, North America, South America, and Australia, of 
the roots BK, BN, KN, and DM, applied to arrow and dart, knife, axe or hatchet, 
spear or lance. Of one of these an example was given in Naga (India) of kipi and 
takoaha, and in Iloussa (Africa) of kehia and takohi. In the latter triliteral epoch, 
the fanciful reference of weapons to the tongue as darting was mentioned in degen 
and tongue, Inncea and lingua, gladius and glotta. Examples were also given from 
Australia. 


On the Comparative Chronology of the Migrations of Man in America in 
relation to Comparative Philology* By Hyde Clarke. 

The object of this paper is to show that, so far as the evidence of language is as 
yet available and so lar as probabilities go, the languages and culture of ’America 
are connected with those of the Old World, and that there is no exclusive or 
indigenous American language, grammar, or culture. The inference drawn is that 
there is an original community of races and of culture, but that the culture was 
arrested in its development by the stoppage of migration of the advanced races. 
Successive migrations are declared to represent successive geological formations, 
and the essay is made to lay the foundation of the comparative chronology of man. 
The earliest migration determined by philology is that of the three languages of 
the Negritos or Fy means, allied to the Mincopies of the Andamans. To the austral 
branch ai‘e assigned the Natchez and Muskogulge, or Creek of North America, the 
Alikulip andTekeenikaof TierradelFuego; to the septentrional belong the North- 
Araerican Shoshoni, Utah, Comanch, &c., the Netela and Kij, the Central American 
Bayano and Darien, and the South- American Mayoruna andjKiriri ] and to the polar 
the Eskimo. 

To the Lenca of Honduras are joined the Coretu of South America as allied to 
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the Kouri of West Africa. The great^ Carib group is Connected with those of 
Dahomey and Whydah. 

The close connexion of the Guarani and Omagua with the Abhass of Caucasia and 
the Agaw of the Nile, in grammar and roots, embraces the Guarani, Tupi, Om-agua, 
Mundrucu, Apiaca of Brazil, the Movima Saraveca &c. of the Missions, the S. Pedro 
and Ooretu of the Orinoco. More distant are the Skwali, Sekumne, and Tsamak 
of California. 

The want of better knowledge was accounted for by imperfect information as to 
the languages of the Old and the New World, and by the disappearance of whole 
formations of languages, leaving only surviving a few detached and ill-connected 
members, much -altered by subsequent influences. 

A tradition of the Americas and Austridia was attributed to the Greek, Roman, 
and medijeval geographers. 

On the Ashantee ami Fantee Languages, By Hvde Clarke. 

These, together with the Dzellana, were classified with the Korean and the Che- 
tcmachs assigned as a North- American branch. It was noted, in reference to the 
common origin of culture, that the Oricas had, like the xVshantees, established a large 
kingdom and repulsed European forces. 


On the Report cmicemlng Bushman researches of Dr. W. U. Bleeh, PIi.D. 

By Hyde Clarke. 

Dr. Bleek had been supplied by the authorities of the Cape of Good Hope with 
a large number of Bushmen convicts. From these he had written down more than 
four thousand columns (half pages quarto) of text, besides a dozen genealogical 
tables, and other genealogical, geographical, pathological, See. notices. An English- 
Bushnian vocabulary of 142 pages and a Bushman -English one of (XX) pages have 
been formed. The mythology in which animals and lieavenly objects are personified 
is largely illustrated. It is expected that the Cape legislature will authorize the 
publication of these important materials for anthropological investigations. 


On the Northern Range of the Iherians in Europe. 

By W. Boyd Daw^kins, M.A., F.R.8. 

The range of the Iberian Basque, or Euskarian peoples, characterized by their 
small stature, dark complexion, jet-black hair and eyes, oval face, and orthognathic 
skull, was examined from the point of view offered by historv. In the earliest 
records the population of the Iberic peninsula was composed of two elements, the 
northern, to wnich its name is due, and the southern or Celtic, the fusion between 
the two fjeing proved by the name Celtiberi, or Castilians. In France, at the time 
of the conquest by the Romans, the Iberic element was represented by the Aquitani 
in the region bounded by the Garonne and Gironde, but whose north-eastern frontier 
was subsequently extended to the Loire (Ligur). Between them and the allied 
Ligurian tribes on the borders of the Mediterranean a broad band of Celtue inter- 
posed, marking that the eastern Pyrenees was the route by which the Celtic invasion 
of Spain iook place. The Bel^se pressed on the Celt®, occupying the valley of the 
Rhine. The same sequence of peoples Was maintained in Britain. In the west of 
Wales the Iberians were represented by the Silures ; the Cel tee occupied the greater 
part of the island, and the Beiges had t^en possession of the maritime region. The 
dark-haired inhabitants of South-west Ireland were of Iberian descent, and the 
Celtce possessed most of the island. These ethnological islands ^ of Dorians, in 
Ireland, in Wales, in South-east France/ and it may be added in Sicily, isolated by 
a sea of Celt from the mainland of Basques, proved that the Iberic peoples were 
once distributed through the area under consideration before the Oeltio had driven 
them away to the west. 

This conclusion is confirmed by an examination of the contents of ossiferous 
caves and of tumuli, by which tney were shown to have extended as far north 
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as O^n. and m far to the east as Beldam in the Neolith age, the human remains 
described by himself, Busk, Thumam, jBroca, Dupont, and others being of the same 
type as those from Basjjue cemeteries in the museum of the Anthropological Society 
of Paris, and the associated works of art being for the most part the same. The 
caves of the Iberic peninsula were also occupied by Basques in the neolithic stage 
of culture. 

The Basque population was probably derived from Asia, and the route by which 
th^ passed into Europe was probably the same as that by which the Oeltse, Belgee, 
and Germans advanced to the west rather than by way of Africa. It is also very 
likely that the Basques stood in close relation to their neighbours the Etruscan, and 
the two non-A^an peoples may have been identical in race, related to each other 
as Celt to Belgian. 

So7ne Memarlcs on Ethnic Psychology, By Bobert Dunx, 

The comparative psychology of the typical races of man presents a subject for 
investigation of great intc^rest to many an ethnological inquirer and to all physio- 
logical anthropologists, but at the same time is of a character so wide and compre- 
hensive, that the author confines his remarks principally to the physiological bearings 
of the subject — to cerebral psychology. He observes that, wnile comparative psy- 
chology, in its widest sense, embraces the study and strict interpretation of all those 
living experiments (to use the happy expression of Cuvier) which nature presents 
to us in an ascending series in the wide domain of animal life, from the lowest 
up to man himself, ethnic psychology restricts the inquiry to the genus Homo 
sapiens and its typical varieties. lie refers to a paper which he read at the 
Cambridge Meeting of the British Association in 1802, On the Psychological 
Differences which exist among the Typical Races of Man,” in which he dwelt upon 
the importance of carefully studying and of contrasting and comparing the cerebral 
organizations of the typical racJfes, with the view, and as the most efticient means, 
to the better understanding and elucidation of the psychological differences which 
exist among and charactenze them. Believing os he then did, and as he still does, 
that the distinctive psychical diflerences which exist among the typical races will 
be found to be engraven on their brains, he here again enforces the paramount 
importance of this duty, and indicates a field of investigation aq^ inquiry which, 
if fully explored, cannot fail, as he thinks and believes, of throwing a flood of light 
upon the subject of ethnic psychology. He dwells on the labours of Gratiolet in 
I ranee, quoting the emphatic language of Professor Kolleston, of Oxford, what 
Max Muller had done for language and Adams for astronorny, that Gratiolet had 
done for the anatomy of the brain j ” regretting at the same time that, notwithstan- 
ding the labours of Gratiolet and the chart which he may be said to have provided 
for our guidance as a standard of comparison, the brains of the typical races have 
yet to he carefully examined, compared, and contrasted with each other. This 
remains to be done, and is still a desideratum. He strives to impress strongly on the 
minds of others his own conviction of the necessity and importance of a more 
exact knowledge than that to which we have yet attained of the cerebral structural 
diflerences which exist among the typical races. The basis of his own conviction of 
the paramount importance of the duty of studying, contrasting, and comparing in all 
the different races the nervous apparatus and organic instrumentality through which 
their varying psychological phenomena are manifested, rests on the postulates that 
the genus Homo is owe, and that the brain is the instrument of the mind j and on the 
consequent and legitimate corollary from these, that the distinguishing psychical 
diflerences which exist among the typical races are greatly, if not altogether, de- 
pendent upon structural diflerences in their cerebral organizations. He says all 
physioloi^cal psychologists are agreed that the vesicular matter of the great hemi- 
spherical ganglia of the brain is the sole and exclusive seat of all intellectual action 
and volitions powei*, but that his own mind rests in the conviction, as a well- 
established fact, that different parts and portions of the vesicular matter of the 
cerebral hemispheres are the seat of special psychological activities and of different 
kinds of mental action. He says the type of the brain is the same in all the different 
races, and that in its evolution e-nd ascensive development it passes through the 
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pliases in whicli it appears in the Negro, Malay, American, and Mongolian races, 
and finally reaches the highest or Caucasian type ; so that, in fact, the leading 
characters of the typical races of mankind are virtually and simply representations 
of particular stages of the highest or Caucasian race. As the anterior lobes of the 
brain are the seat of the intellectual activities, fullness of development and com- 
plexity of structure arc sure indications of the elevation of the racial type ; while, 
on the other hand, the converse, as seen in the Negi’o or Bushman, is equally true, viz. 
that simplicity of structure and perfect symmetry of t 3 ^pe and arrangement of the 
convolutions on both sides of the nemispheres are indisputable marks of degradation 
of function and inferiority of race. He says Gratiolet lias dwelt on the importance 
of studying with scrupulous care and attention the complexities, relations, and ar- 
rangements of the convolutions on the inferior, frontal, and coronal stage in all the 
typical races, with a view to their psychical significance, and to the elucidation 
and advancement of the study of ethnic psj^cholog}". In conclusion, he says that 
the fact is indisputable that the large-brained European differs from and far sur- 

f lasses the small-brained savage in the complexity of his manifestations, both intel- 
ectual and moral ; but then he asks, Is not all this in strict accordance with and 
what a jrt'iori might be expected to result from organic differences in the instruments 
of the higher psj^chical activities — in other words, in the nervous apparatus of the 
perceptive ana intellectual consciousness ? 


Notes on Coral-Caves with ITnman Bones in Stalagmite on Mangaia^ South 
Pacijic, By the Rev. AV. Wyatt Gill, B,A, 

The author has resided for many years on the little island of Mangaia, one of the 
seven islands constituting the Hervey group. Mangaia is in 21° 57' south latitude, 
and 158° 7' west longitude. It is nearh^ 20 miles in circumference, and not more 
than 800 feet above the sea-level, with an unbroken fringing reef. The interior of 
the island is formed of dark volcanic rock, rising inflow hills striking from a single 
flat-topped centre. There is no lagoon. Streams of water from the centre por- 
tion, after fertilizing some thousanas of taro-plantations, find their way to the 
ocean through a remarkable belt of uplifted dead coral, which, like a Cyclopean 
wall, surrounds the inner part of the island. This mass of coral rock begins to rise 
gradually about JCO yards from the rugged beach and slopes up to a ridge, but 
towards the interior is perpendicular. It is from one to two miles across. In some 
places the surface bristles with jagged rock sharp as spear-points. Many are the 
ghastly wounds to the passenger occasioned by footslips. Numerous sea-shells, 
similar to those on the present beach, are imbedded in this reef, even in the 
highest parts. It is everyw^here perforated by caverns and galleries. Mangaia 
thus remarkably displays both the ordinary forms of coral islands, the reef of dead 
coral upraised on the land, and the fringing reef at sea denoting elevation first and 
then subsidence — both requiring a very long period of time for growth. The caves 
in the dead coral have been used as habitations, as refuges, and as cemeteries. 
Scores of them are filled with desiccated human bodies ; stalactite and stalagmite 
abound, and form thick and fast-bowing layers of limestone rock, of which the 
author exhibited some specimens. In the waters lying in the hollows were nume- 
rous limestone balls. 

Soon after arriving in Mangaia in 1852, the author explored a great number of 
caverns on the southern part of the island. The great cave of Tevaki ” divides 
into two branches--the one communicating with the sea, the other with a glittering 
stalactite roof terminates in an awful chasm. Pursuit of a tribe entrenched in such a 
natural fortress was out of the question ; the plan adopted in such circumstances 
was to starve them out. Opposite to this great cave is a lesser one with a low en- 
trance. At the further end of this the author found a quantity of detached human 
bones, and, close by, a number of others imbedded in the solid limestone wall of 
the cavern. 

Two years ago the nimour of the great interest felt in Europe in the antiquity 
of the human race reminded him of these cave-remains ; and so vivid were his first 
impressions that he was able to go straight to the grotto, and with a hammer de- 
tached the few specimens frpm the rock which were exhibited. 
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If any ordinary native of Mangaia were asked about these relics of humanity, he 
would merely say, they were taito, taito rava ” old, very old ”), and this would 
probably delude the European inquirer into the belief that they were of remote 
antiquity. 

The tradition of the wise men ” in relation to the matter is, that the sacerdotal 
clan of Mautara, about the year 1718 a.d., surprised and destroyed Ruanae^s can- 
nibal tribe at Pukiiotoi, a spot about a mile from the grotto. This event has been 
celebrated in song by the chief Potiki in his ^ Lament for Vaiaa,’ beginning thus : — 

{ The clan of E>uanae has perished, 

As the reef covered with dead fish 
Is the ground where they fought. 

Tha entire victorious f Let their carcases rot there ! 
clan in chorus . . . [ Let their carcases rot there ! 

The bodies of some of the most distinguished were conveyed by their friends to 
the neighbouring caves and piled up there on wooden platforms. As the wood 
decayed, the bones were scattered over the damp floor. 

The author procured some human bones of a more remote date, but in a much better 
state of preserv^ation, a circumstance owing to the dryness of the cave in which 
they were found. These relics are stated by the wise men ” to be the remains 
of invaders from Tubuai, who eflected a landing, and at first overran the island in 
the reign of Anne, but were eventually deceived and destroyed by the aborigines 
of Mangaia. Anne was the fourth sovereign chief of the little island ; the battle 
which seal(‘d the fate of the invaders was the fourth ever fought on Mangaia. At 
first sight the bones chipped out of the rock seem to be of much higher antiquity 
than the ndics of thci invadc^rs from Tubuai ; yet this is not the case. 

The author concludes that the Ilervey islands have been peopled in compa- 
ratively recent times ; and so, too, of the Eastern Pacific islands. Tahiti and 
the neighbouring islands were all peopled some generations previous to the 
Ilervey islands, the first island colonized in that neighbourhood being Ilniatea, 
the centre of a widely extended and most sanguinary worship. Those islanders 
speak of their ancestors as having come up from the po ” = “ darkness,’^ or from 
‘‘ Hawaii ” = SavaiL” By coming up out of darkness,” no doubt the lands 
wdiore the sun seta are intended ; and Hawaii ” is Savaii, the largest island in 
the Samoan group. Of course ^‘Hawaii” naturally reminds one of the great island 
in the Sandwich group j but the traditions of the Eastern islands all point west- 
ward, not northward. 

A close study of the question for several years past induces the author to believe 
that the Ilerv^ey group was colonized about five or six centui’ies ago. The grounds 
of his belief are : — 

1. The fact that when in 1823 Rarotonga was discovered the twenty-fourth 
Makea ” * was reigning. Allowing to each Makea ” a reign of twenty-five 
years, we have a total of GOO years. Another chief on Rarotonga, named Tino- 
mana,” was in 1823 the nineteenth in direct descent from Makea Karika,” who 
came from Samoa. Allowing, as in the former instance, twenty-five years to each 
chief of this tribe, we obtain a total of 475 years. 

2. The wise men ” of Atiu confessed to the writer that the ancestors of the 
present chiefs sprang from the regal Makea family of Rarotonga. 

3. The well-Known succession of priests of the three principal gods of Mangaia 
supplies us with nine very long lives. Allowing eacn priest to discharge his 
functions during the long (probably too long) period of fifty years, we get a result 
of only 450 years. The Mangaians themselves trace their origin to Anaiki, or 
netherworld.” Now Avaiki,” Hawaii,” and Savaii ” are but slightly difierent 
forms of one word. In their songs and myths are many references to “ the hosts 
of Ukupolu,” undoubtedly the Upolu” of Samoa, The other islands of that group 
are all mentioned in ancient Mangaian song. 

But whence did the Samoans spring ? Many words in their dialect are identical 
with that spoken on the south-eastern peninsula of New Guinea. Of the Asiatic 

♦ “ Makea” is a regal title, like “ Pharaoh” and “ Candace** of Scripture, 
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and Semitic origin of tbe Samoans and Eastern Pacific Islanders generally, the 
author has no doubt. 

The instruments produced were not from the cave, but were actually used by 
the present or last generation. The author pointed to a remarkable oval sling-stone 
of stalagmite limestone, to the axes of jade, basalt, and greenstone, to the hafted 
axes ofbasalt, as illustrating by recent examples the history of the extinct stone 
age of Europe. 

On the Passage of Eastern Civilization across the Pacific. 

By J. Pauk Harrison, M.A. 

The fact that a drift-current from the west deposits wood and other light mate- 
rials upon the shores of Easter Island, and then, tuniing northwards, joins the 
Chilean stream in its course tow^ards the equator, goes far to support the tradi- 
tions of the Eastern islanders, as well as the inhabitants of the coast of Quito, that 
strangers arrived amongst them many centuries ago from the west. The author 
mentioned that there is a tall race, with marked aoniline features, who formerly 
followed sun-worship and artificially elongated the lobes of the ears, that can be 
traced across the Pacific in tw'o directions — one through the islands of Sancta Crux 
to California, the other through the Tonga Islands, Oparo, and Easter Island to 
l^eru. Numerous distinctive analogues along lioth routes appear to connect the 
people alluded to with our east. Poth in stature and proiile they dilfered from the 
races with which they mingled, and became more or less amalgamated. 


On a hitherto unclescrihe<l Neolithic Jmplement. 

By J. Sinclair Holurn, il/./A, M.A.L 

This implement is a fiint saw, which seems peculiar to tlie primitive dwellers 
of the Ghjns of Antrim in the later stone period. It lias been found in several 
dolmens % the Earl of Antrim and the 'writer. That it is rare and local is con- 
firmed by its absence from the stone-implement collections in our museums, and 
its also not being mentioned by Mr. Stevens, Mr. E\ ans, and other writers on this 
subject. It is formed from a flat flint flake by chipping a curved portion out of 
its thin margin, the edge of which is bevelled and finely serrated. When held in 
the hand and semirotated, it would be an excellent tool for sawing notches in a 
roimd stick or bone, and may have been thus used to notch arrow-shafts in order 
to securely tie on the barbs, and would also serve for marking tallies. 

Being mund so purely local puts aside the suggestion of it having been used for 
any religious rite. It is much too delicate to have been employed as a scraper, 
and the manner in which old ones are worn and fractured negatives this opinion. 
Though very unlike everv fiint saw hitherto met with and described, this genuine 
implement seems to admit of no other designation. 


A tni^e Cerehral Theory necessary to Anthropology*. 

By J. Kaines, D.Sc., M.A.y Tr. L.A.S. 

Br. Kaines began his paper by stating that anthropology, the science of mankind, 
cannot be more than instituted as a science while physiology, or the science of 
individual life, is incomplete. To render human and comparative physiology com- 
plete, cerebral physiology must acquire positivity. 

Further, the aim of the author was to show that phrenology was the only de 
facto science of mind, it being based on physiology ; wnile certain pseudo-sciences 
of mind, based on theological and metaphysical data, were unscientific. Br. Kaines 
briefly re'viewed the labours of Gall and others who had founded and established 
organology, and asked why it was that the science of cerebral physiology had fallen 
into apparent disrepute. He went on to show in what way the strength and weak- 
ness of the system were regarded by eminent thinkers and physiologists, such as 

* The above paper is printed m exterm in ‘ Anthropologia,* No. II. 
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G. H. Lewes, Broussais, Be Blainyille, and A. Bain, nearly all of wliom agreed 
that the fundamental position of phrenology was demonstrated. The author 
quoted freely from A. Comte’s * PMlos^hie Positive,^ tome iii. “ Biologie ” — a 
philosophical exposition and criticism of Gall’s doctrine, and the means whereby it 
might become, physiologically and anatomically, scientific. He said, “ Phrenolo- 
gical analysis has, then, to be reconstituted, first in the anatomical, and then in 
the physiological order; and finally the two must be harmonized; and not till 
then can phrenological physiology be established upon its true scientific basis.” 
** If our existing phrenology isolates the cerebral functions too much, it is yet more 
open to reproach for separating the brain from the whole of the nervous system.” 
“ Phrenology has too much neglected the great influence to which the chief intel- 
lectual and moral functions are subject from other physiological phenomena, as 
Oabanis pointed out so emphatically while preparing the way lor the philosophical 
revolution which wo owe to Gall.” 

The paper concludc'd by showing that anthropology could benefit nothing from 
old systems unscientifically based, and that anthropologists could only prosecute 
their studies successfully by discarding as idle all questions of origins of species, 
whether luiman or animal, and of first and final causes, these questions being be- 
yond settlement by such knowledge and such powers as we have. 


On an Age of ColossL 

By John S. PHENf:, F,S,A., F.G.S., FJLG.S., FE.LB.A. 

This paper commenced with a slight sketch of the theory of the ages of stone, 
bronze, and iron, as generally recognized by anthropologists, for the pui-pose of 
bringing forward a feature which, in the author’s opinion, would at a future period 
considerably modify present ideas on this subject — the geographical feature, the 
efibct of which, he thought, could be hardly understood till we were able to cor- 
relate more perfectly the antiquities of distant countries. He argued that, as- 
suming a wave of emigration from a common centre to bear forward any distinct 
characteristic, whether of these recognized features or of colossi, or otherwise, such 
wave might, in prehistoric times, while portions of it terminated abruptly near its 
source, upon desirable spots being attained, travel indefinitely by other sections 
over an enormous area, even giving rise to secondary or subwaves of exodus. 
This, in result, might produce the strange features, discovered by subsequent 
travellers, of a civilized or historic age setting in, either from a succeeding wave 
or some other cause, which would reach to the settlements from which the sub- 
exodus proceeded, but not follow the oflfshoots ; hence, in an age highly historic, 
and civilized in a given geographical area, there might be found people with the 
same features, traditions, mytlis, and roots of language in a barbarous or prehistoric 
ago or condition outside that geographical area ; and in consequence any par- 
ticular age so identified might be, or seem to be, indefinitely long from the retainers 
of its characteristics wandering beyond the reach of communication. That such 
waves had passed over distant lands, he argued bv illustration and analogy, through 
various arcnitectural features, special and peculiar, found in remote and distant 
countries. After drawing attention to the inhabitants of what he termed the 
three great centres of colossi, and which he designated as Egyptian, Malayan, and 
pre-Mayan, or Mexican, he illustrated by diaOTams and drawings the favourite 
emblems of those creators of colossi, from whidi it appeared that on a broad basis 
there was both an architectural and emblematic similarity in their works, the 
pyramid, the monolith, the obelisk, and the elevated platform being prominent 
features in each ; the worship of the sun apparently common, and colossal em- 
blems of the human figure, reptilia, and birds abounding. Easter Island, as repre- 
senting Polynesia, was included, and the physical features and climatic conditions 
were found approximating in these diflerent centres. He expressed a belief that 
a careful study of the poetic language of the Singhalese would aid and stimulate 
researches in the forest-covered cities of Ceylon, and those oithe ancient Maya (if 
possible) and of the Quiche peoples would unravel the mystery of the now impene- 
trable cities of Mexico and Central America. While these cities, with their cmossi 
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were so buried, we bad much to learn of the history of the human family, and the 
age in which their colossi were executed. 

This part of the question was (he considered) too extensive for a single paper, 
and he would confine himself, by way of illustrating his argument, to what seemed 
to him the result of an offshoot from such a preceding wave as he had supposed, 
which he considered had laved its final billow on the ^ores of Britain. He first 
pointed out that the highly civilized nations of Greece and Kome were not origi- 
nators of colossi, but elaborators of the raw material ideas (if he might so express 
himself) of the Egyptians and other earlier nations, as shown by their exquisite 
symmetry, and the costliness of the materials (gold and ivory) of which some of 
their most gigantic colossi were constructed, as quoted by Pliny, Pausanius, Strabo, 
and other ancient writers. He then gave a number of examples of similar accom- 
panying features in Britain, Egypt, Mexico, and Malaya. He found parallels of desi gn 
in the plans of some Oriental cities (as Rhodes), in those of some of the Chinese and 
Sardinian tombs, and the horseshoe de\dce of Stonehenge, all of which assimilate ; 
in the circle of Copan and those of Avebury, the Giant’s Ring near Belfast, and 
others ; and finally argued that we had not only these collateral evidences, but 
actual colossi of the ancients in these lands, in enormous monoliths, in venerated 
idols — as, amongst others, the celebrated rock, the traditional goddess Andras, and 
the enormous AVilmington giant, both in Sussex ; and the latter, as the result of 
his attracting attention to it, is now being restored, with the consent and kind 
assistance of the Duke of Devonshire. This figure, he quoted Cfcsar and Strabo 
to show, agreed identically with the description given by those writers of the vast 
Celtic deity, to which were sacrificed human victims, wild beasts and cattle, and 
of which Csesar says they had many images.” 


Notes on Stone Implements from British O^iiiam* By F. W. Rijbler, F,0,S^ 

The specimens exhibited to the department and described in this communi- 
cation were collected by Mr. C. B. lirown during his recent survey of British 
Guiana. One of the implements, fonned apparently of diorite, presented the form 
of an acute cone, 6 inches higli, with a flat circular ti^e, about 2 inches in diameter : 
this face seemed to be well adapted for giinding or pounding. Mr. Franks bad 
pointed out the similarity between this implement and others from the north-west 
coast of America, where they are used as hammers. This specimen was found 
on the Burro-burro river. Among the other implements was an adze in diorite, 
found on the site of an ancient Indian village at Skeldon, at the mouth of the 
Corentyne river. It was accompanied by a small carved image in a green steatitic 
mineral, by fragments of coarse pottery, and by a large number of bones, including 
those of the tapir. 

On the Belatlon of Morality to Religion in the Early Stages of Civilization. 
By Edwabd B. Tylob, F,R,S. 

Investigations of the culture of the lower races of mankind show morality and 
religion subsisting under conditions differing remarkably from those of the higher 
barbaric and civilized nations. Among the rudest tribes a well-marked standard 
of morality exists, regulating the relations of family and tribal life. There also 
exists among these tribes some more or less definite religion, always consisting of 
some animistic doctrine of souls and other spiritual beings, and usually taking in 
some rudimentary form of worship. But, unlike the higher nations, the lowest 
races in no way unite their ethics and their theology. As examples, the Austra- 
lians and Basutos of South Africa were adduced. The Australians believe spiri- 
tual beings to swarm throughout the universe : the Basutos are manes-worshippers, 
considering the spirits of deceased ancestors to influence all the events of human 
life ; wherefore they sacrifice to the spirits of near relatives, that they may use their 
influence with the older and more powerful spirits higher in the line ojf ancestry. 
Yet these races and laany others have not reached the theological stage at which 
man’s good or evil moral actions are held to please or displease bis divinities, and 
to be rewarded or punished accordingly. The object of the present paper is to 
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trace the precise steps through which the important change was made which con- 
verted the earlier unethical systems of religion into ethical ones. This change 
appears to have been a gradual coalescence between the originally independent 
schemes of morality and religion. 

In order to show the nature of such coalescence between religion and other 
branches of culture not orij^inally or not permanently connected with it, the author 
traced out, on an ethnological line, the relations between religion and, on the one 
hand, the rite of marriage, on the other hand the profession of medicine. 

First, as to marriage. The evidence of the lower races tends to show that 
at early stages of civilization marriage was a purely civil contract. Its earliest 
forms are shown amongst savage tribes in Brazil and elsewhere. The peaceable 
form appears well in the custom of the marriageable youth leaving a present of 
fruit, game, &c. at the door of the girl’s parents ; this is a clear symbolic promise 
that he will maintain her as a wife. Another plan common in Brazil is for the 
expectant bridegroom to serve for a time in the family of the bride, till he is con- 
sidered to have earned her. 

The custom of buying the wife comes in at a later period of civilization, when 
property suited for trade exists. The hostile form of marriage, that by capture, 
has also existed among low tribes in Brazil up to modern times, the man simply 
carrying off by force a damsel of a distant tribe — the antiquity of this Sabine 
marriage in the general history of mankind being shown by its survival in coun- 
tries such as Ireland and Wales, where within modern times the ceremony of 
capturing the bride in a mock fight was kept up. 

Now in none of these primitive forms of marriage, as retained in savage culture, 
did any religious rite or idea whatever enter. It is not till we reach the high 
savage and barbaric conditions that the coalescence between marriage and religion 
takes place, as where among the Mongols the priest presides at the marriage feast, 
consecrates the bridal tent with incense, and ^aces the couple kneeling with their 
faces to the east, to adore the sun, fire, and earth ; or, as where amon^ the Aztecs, 
the priest ties together the garments of the bridegroom and bride in sign of union, 
and the wedded pair pass the time of the marriage festival in religious ceremonies 
and austerities. So complete in later stages of culture did this coalescence become, 
that many have come to consider a marriage hardly valid unless celebrated as a 
religious rite and by a priest. 

Second, as to the relation of the profession of medicine to religion. In early 
animistic philosophy, one principal function of spiritual beings was to account for 
the phenomena oi disease. As normal life was accounted for by the presence of a soul 
operating through the body in which it located itself, so abnormal life, including 
the phenomena of disease, was accounted for in savage and barbaric culture as 
caused by some intruding spirit. Thus the belief in spiritual obsession and possession 
becomes the recognized theory of disease, and the professional exorciser is the 
doctor curing disease by religious acts intended to expel or propitiate the demon. 
Since the middle perioa of culture, however, this early coalescence has been gra- 
dually breaking away, till now in the most civilized nations the craft of healing 
has become the function of the scientific surgeon or physician, and the belief and 
ceremonies of the exorcist survive in form rather than in reality. 

By these cases it is evident that coalescence between religion and other matters 
not necessarily connected with it may take place at different periods of culture, 
and also that this coalescence may terminate after many ages of adhesion. Having 
shown this, the author proceeded to ascertain exactly when and how in the history 
of civilization the coalescence of morality and religion took place. 

First, where manes-worship is the main principle of a religion, as among some 
North- American tribes and the Kafirs of South Africa, the keeping up of family 
relations strongly affects the morality. It is, for instance, a practice among the 
rude races to disinter the remains of the dead or to visit the bunal-place, in order to 
keep the deceased kinsman informed as to what takes place in his family, in which he 
is often held to take the liveliest interest. Thus it is evident any moral act of an in- 
dividual damaging to his family would be offensive to the ancestral manes, whose 
influence must therefore strengthen kindly relations among the living members of 
the tribe. Higher in the sociiu scale this ethical influence of manes-worship takes 
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more definite form, as when in China the divine ancestors of an emperor 'wW re* 
proach him for selfish neglect or cruelty to his nation, and even threaten to induce 
their own highest divine ancestor to punish him for misdeeds. Thus among the 
ancient Romans the Lares were powerful deities enforcing the moral conduct of the 
family, and punishing household crime. 

Second, the doctrine of the Future Life begins at the higher levels of savagery 
to affect morals. In its first stage the doctrine of metempsychosis is seen devoid 
of moral meaning, men being re- bom as men or animals ; out when the distinction 
appears in the higher savagery between migration into vile or noble animals, it is 
not long before this distinction takes the form of reward or punishment of the good 
and wicked by their high or low fe-incamation, an idea which is the basis of the 
Buddhist scheme of retributive moral transmigration through successive bodies. 
In its earlier stages this doctrine was one of mere continuance, as where South- 
American tribes expected the spirits of the dead to pass to another region where 
they would live as on earth. Here the distinctions of earthly rank are carried on, 
the chief’s soul remaining a chief, and the plebeian’s soul a plebeian, but no sign 
of moral retribution appears. The first st^e of this seems to be where warriors 
slain in battle are admitted to the paradise of chiefs in the land of the Great 
Spirit. This idea, which comes into view in several districts, leads to the fuller 
moral scheme in which goodness of any kind, valour, skill, &c. are more and more 
held to determine the difference between the next life of the good man in happy 
hunting-grounds, or of the bad man in some dismal wilderness or subterranean 
Hades. In the higher nations this element becomes more and more distinctly 
marked, till the expectation of future reward and the fear of future punishment 
becomes one of the great motives of human life. 

Third, when theology among the rudest tribes is mostly confined to considera- 
tion of ghosts, demons, and nature-spirits, the intercourse with these leads to little 
inculcation of moral action. It is when ideas of the great deities become pre- 
dominant, when men’s minds are turned to the beneficent action of the Bun, or 
Heaven, or Earth, or to a Supreme Deity yet above these, that it is conceived that 
the order of nature includes moral order of human conduct. Then, as in the reli- 
gion of ancient China, the universe and its Supreme Deity are regarded as furnish- 
ing the model and authority regulating man’s actions towai’ds his kindred and his 
subjects. Thus there presents itself, not at the beginning but the middle of the 
development of religious ideas among mankind, the leading principle of a moral 
government of the world and its inhabitants. 

In these three ways it appears, from the evidence of ethnology, that the vast 
transition was made from the earlier imethical to the later ethical systems of 
religion. 


GEOGRAPHY. 

Address hy Sir Ruthekfoed Alcock, President of the Section, 

I CANNOT help feeling that my claim to the title of a Geographer is much too 
slight to warrant my appearance here as President of the Geographical Section 
of the British Association. My misgiving os to the fitness of the choice would, 
indeed, have precluded my accepting the honour, had I not believed that the main 
object of this Association is to receive and give ventilation to any new ideas or 
scientific contributions, to secure the attention of a larger audience of scientific 
men than could otherwise he easily obtained for any special subject, and to pro- 
mote the free interchange of opinions between persons of various pursuits and 
qualifications. For this end it is not necessary that the President should him^lf 
be competent to take a leading part in discussing the many interesting and scientific 
subjects which are likely to be brought forward. It is enough, I conceive, that he 
should appreciate at their just value the studies of those who are willing to com** 
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municate the results of their labours, and be ready to promote the candid and im- 

r irtial consideration of any papers to be read and discussed. With this assurance 
will throw myself upon your indulgence for any shortcomings, and proceed with 
the business before us. 

The admirable review of geographical progress during the past year presented 
to the Geographical Society at its last Anniversair in May by Sir Henry Rawlinson, 
must be too fresh in the memory of those of my hearers who are interested in geo- 
OTaphical pursuits, to require any attempt on my part to go over the same ground. 
It has been published in the volume of the Society’s Transactions for the year, and 
it would be superfluous, if not presumptuous, on my part, therefore, to occupy 
your time by any repetition on the present occasion. 

K I venture at all upon this field of geographical achievements it will be 
rather with a view to draw your attention to the wide scope and application of 
Geography as a science, and to the mode in which geogr^hical explorations and 
discoveries lead to important results in various directions. Geography, in a popular 
sense, is apt to be too much associated with a mere description of the configuration 
of the earth, with its seas and continents, illustrated by maps. But before 
Geography could fulfil even this very narrow and restricted conception of its 
proper functions — before, indeed, it could exist in any but the rudest and most im- 
perfect shape, such as we see in mediaeval maps — great progress had to be made in 
astronomy and mathematics. Without these two sister sciences. Cartography, or 
the process of depicting relative distances and places on the earth, either on maps 
or globes, could not be carried out with any approach to certainty or accuracy. 
Explorations with a compass, and measure of distance estimated by the number 
of aays’ journey, gave little more than such results as we find recorded in Pto- 
lemy^s works. The map of the world preserved in Hereford Cathedral is a curious 
sample. Thei^e the history of our race, as well as the distribution of countries, are 
given on purel}^ theologic and historical or legendary data. Beginning at the 
top of the cfrcle with Paradise, it pre^nts nearly eveiy thing m nature and 
fiction, but Geography, to the gaze of the curious. Until the discovery of the 
gnomon, and the means of fixing the latitude and longitude of any place by ob- 
servations of the celestial bodies had been perfected, Geography could have no 
existence as a science. It owes much, also, to its intimate connexion with various 
branches of knowledge, and investigations into the nature and mutual relations of 
objects on the earth, or forming a part of its crust, which seemingly had, at the 
time of their prosecution, no direct bearing on Geography or its objects. In 
modem times only it has been fully recognized that Descriptive Geography is of 
little value apart fiom Physical Geography j and these, again, lose much of their 
interest ^without their relation to Political and Historical events are traced. 

Astronomy had, in effect, to supply the means of reducing to a systematic and 
available form the accumulated materials which must now constitute Geography, 
by first enabling geographers to determine with accuracy the relative position of 
places, with their distance from each other, and their extuJt latitude and longitude. 
But this power once gained, the importance of Geography and its influence over 
the material interests of mankind soon became apparent, and its progress as a 
science has gone on increasing at a proportionately rapid rate. It was in vain 
that Marco Polo twice traversed Asia in its whole breadth, from the Mediterranean 
to the Great Wall of China, and lived to return and recount all the wonders be 
had seen to his countrymen within the prison walls of Genoa. It only earned for 
him the derisive sobriquet of Marco Mulione, from the supposed fabulous nature 
of the statements he made ; and although he contributed so vast an amount of new 
facts to the knowledge of the earth’s surface, it does not appear, even when bis boob 
was printed a century and a half later, that it bad any material effect upon the science 
of Geography, for wont of the higher knowledge required to systematize and assi- 
milate the whole. 

Later (as Colonel Yule has well pointed out in his admirable edition of Marco 
Polo’s book), when Vasco de Gama, doubling the Cape of Good Hope, reached 
the Malabar coast, and the great hurst of discovery eastward and westward took 
place,” the results of all attempts to combine the new knowledge with the old 
wsre most unhappy. The first and crudest forma of auoh comlnnation attempt^ 
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to reidize tlie erroneous ideas of Oolumbus regarding the identity of his discoveries 
with the regions of the Great Khan’s dominion. It in consequence, some time 
before America could vindicate its independent position on the surface of the 
globe ; while Jerusalem lon^ remained the central point of the map, because it was 
so described in the book of Ezekiel. Down nearly to the midole of the 16th 
century the map of the world was, in its outline, as it had been handed down by 
Biblic and other traditions sanctioned by some Fathers of the Church, sprinkled 
with a combination of classical and mediaeval legends.” 

How important geographical science has become since that date, and how each 
day brings fresh materials and illustrations of the importance, I need hardly point 
out. The discovery by the Portuguese of a sea-route to India entirely changea the 
whole course of commerce between Europe and Asia. A trade which had first 
enriched Tyre and the Phoenicians, and in Solomon’s reign tempted the .Tews to 
build fleets on the Red Sea — which, still increasing, made Alexandria the great em- 
porium of Indian wares, while in more modern times it helped to create a city 
of merchant princes in Venice, — abandoned from that date the caravan routes of 
Asia. The Adriatic ceased to bear rich argosies from the East, and Nuremberg, 
with other free cities of Germany, equally lost a source of wealth in distributing 
Eastern merchandise. 

This was the first and most pregnant of the gveat changes caused by the geo- 
graphical discoveries of the 15th centurv. The planting of the European race in 
North and South America, and especially of our own stock in the North, was a 
second result, which promises to make English the predominating language of the 
world, and to spread British institutions and love of liberty over the four quarters of 
the globe. How it has aflected the destiny of the Aborigines over the new world 
laid open by geographical discoveries is a less satisfactory subject of reflection; 
but whatever the estimate may be of relative good and evil following in the wake 
of such explorations, the influence exercised on the destinies of nations cannot be 
questioned ; and amidst all the workers who contributed to these results, great and 
lasting as they have been. Geographers may rightly claim a foremost place. 

Few things in the retrospect of past intercourse and knowledge of each other among 
nations widely separated are more remarkable than the continuous communication 
across the whole breadth of Asia between east and west, which seems always to 
have been maintained for purposes of traffic, from the earliest periods. No dangers 
of the way, no physical obstacles of mountain-ranges and great ris ers or deserts, 
no length of time nor ignorance of the geographical bearings of any portion of this 
area of so many thousand miles, seemed to have acted as deterrents. Even the 
softly nurtured Venetian merchants were undismayed ; and Marco Polo’s book of 
his fathers travels and his own abundantly proves that time must have Wne a 
very difterent value in those days to that which prevails in this centun". In the 
first journey to China we find they stayed one year at Sarai, on the Volga, and 
another at Bokhara. It is true they found it difficult to get either backward or 
forward, owing to the unsettled state of the country ; but this did not in any way 
militate against their accepting an invitation, under a safe escort from the Envoys 
of Alan, the Lord of the Levant,” to proceed to the court of Kubl^ Khan, in 
China — a journey which occupied them a whole year. AVhether the profits of any 
successful venture were so enormous as to affbra adequate return for the time, or 
the merchants of those days were so fond of adventure and exploration that they 
were content vrith less profit than modem commerce expects, I am not prepared to 
say. But whatever may be the true explanation of this apparent diversity, we 
may congratulate ourselves that each year many geographical explorations,- accom- 
panied as these now are by careful and scientific observations, and the immediate 
registering of new facts in accurate collation with all previously acquired data, 
sensibly diminish the extent of unknown territory, and by so mucn not only facili- 
tate the development of a constantly increasing commerce, but largely contribute to 
the diminution of causes of national contention, in the application of treaties and 
the determination of boundaries. 

We have had several very striking examples of this within the past year ; and 
although this is not the place to enter into the merits of the disputed questions 
as to lunits in any of the cases, I may be permitted to refer to them in general 



TRANSACTIONS OF THE SECTIONS. 


153 


terms as illustrations of the important service which geographical science is 
enabled to render to Nations and to States in the higher field of political combi- 
nations and diplomatic negotiations. It has been well said that the surveyor is 
likely to do more in future than soldiers to prevent war ; and the more frequently 
the scientific geographer precedes negotiations, the less ground there will be for 
doubt or disputes about boundaries — a most fertile subject of quarrel in all ages. 
Is it not quite certain, for instance, that if accurate and complete surveys had been 
made of the Straits between Vancouver’s Island and the American coast, and 
appended to the treaty of 1846, which was intended to settle the Oregon boundary, 
with a line drawn exactly where it was intended the delimitation should take place 
by the two negotiators, no dispute could have arisen ? It may have seemed enough 
to define the north-west water boundary to be a line drawn from the middle of the 
channel which separates the Continent from Vancouver’s Island southerly through 
the middle of the said Channel and of the Fuca Strait to the ocean,” — ^more espe- 
cially, perhaps, as the existence of the He Haro and Rosario channels, about which 
the dispute has arisen, w^as known to the negotiators. Yet how long and fierce the 
contention has been between two great powers ! and though now peacefully decided, 
we all know that it has for more than 25 years been one of those questions which 
might at any time have been a cause of war between two kindred nations, — the 
greatest calamity that could well befall either the one or the other. 

The result of Sir Frederick Goldsmid’s geographical labours in the east of Persia 
during the past year has added another example of the inestimable political value 
of accurate geographical surveys. In Asia more than any other country perhaps is 
this necessity felt. Papers have been read at the Geographical Society describing 
the journey of the Arbitration Commission from Bunder Abbas, through Kerman to 
Seistan, and reporting fully on the districts which have been so long in dispute 
between the Persian and Afghan governments. The line of delimitation between 
the two countries has been decided by the labours of the Commission, and the last 
mail from India announces its acceptance by both parties. My chief object in refer- 
ring to it is to show the great and important services which not only may be, but 
are actually rendered by geographical labours under able direction, and how much is 
to be gained, both in the interests of peace and of science, from the adoption of a 
practice of avoiding political complications by determining disputed lines of frontier 
through the agency of mixed commissions and professional engineers. That it 
should be generally adopted in the East must be the earnest desire alike of 
geographem and statesmen, and converts to the principle are rapidly increasing. 
The latest news from Constantinople brings the gi’atiiying intelligence that the 
Sultan of Turkey and tlie Shah of Persia have mutually agreed to refer their 
contentions about the boundaries between the two States to a mixed Commission 
of this kind. The delimitation fixed by the British Government on the Upper 
Oxus by similar action is a pledge of peace with Russia. These are so many 
triumphs of an enlightened policy, bv which disputed boundaries are settled, not by 
the sword, but by geographical observation, the accuracy of which cannot be 
contested. In this case it was rendered difficult, and all the more important 
politically, because, as Colonel Yule has recently demonstrated, the whole geography 
of the region of the Upper Oxus and surrounding country had been falsified 
by Klaproth. In all the pseudo-ti'avels that he invented he had imposed alike 
upon the British and the Russian Governuients ; and the consequences of such 
msification might have been most fatal, for it vitiated the maps of the Russian 
Government, and with it their diplomacy. Fortunately our own information of 
the geography of the trans-Himalayan regions had so much improved since Klap- 
roth exercised his ingenuity, that it became possible not only to show where the 
falsification existed, but how one great source of error had arisen. Colonel Yule 
has proved, in a paper now published in the ^ Transactions of the Geographical 
Society,’ how, by a certain square of the Chinese Map constructed in 1759 (which 
was the groundwork of Klaproth’s geographical knowledge) having been acci- 
dentally turned round through an angle of 90“, the mistake originated by which 
the district of Wakhan for instance, instead of being laid down in the same parallel 
as Badakhshan, was placed in the map ^^100 miles to the northward, and thus 
appeared to Prince Gortchakoff to be coiiterininous with Kara-tegin. 

1873. 11 
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There is no nation, perhaps, which has so much reason to value geographic^ 
science and iiie art of map-making at a high rate as the Kussians. In their rapid 
advance across the steppes and mountam-ranges of Northern Asia southward into 
the valley of the Amoor and Manchuria on the east^ and to Khiva and Samarcand 
in the west, they have taken many courses ; but in all . they have had the im- 
mense advantage of not only knowing the territories they coveted, but beinff able 
to place them accurately on maps. The late Mr. Atkinson, a ^reat traveller in 
Siberia and Central Asia, gives more than one graphic and, there is every reason to 
believe, perfectly veracious account of bow negotiations for territory with Asiatics 
may be successfully and even peacefully conducted, at a very small cost when thus 
aided and prepared. First an exploring party starts for some unknown region, 
ostensibly, it may be, for hunting, well armed and prepared to note accurately the 
physical features of any country they may traverse. The first exploration accom- 
plished, a second follows, better provided for an actual survey and geological aiid 
mineralogical researches. These being completed, negotiations are opened with 
the chief of the tribe to whom the territory in question belongs. One of these 
transactions in 1848 ended in a considerable district in the Kirghis Steppe, lying 
between the Targ Abatai and the Irtisch, already ascertained to possess valuable 
silver- and lead-mines, being transferred from the Sultan and chiefs of the Great 
Horde of Kirghis to the Emperor of Kussia (or, as he is better known to the 
Kirghis, the Great White Khan ^’) for a sum of 250 roubles, a gold medal, a sword 
of honour, and half a dozen handsome khalats or robes for the Sultan, MuUa, and 
the five or six head chiefs. 

In these mysterious and hitherto inaccessible regions of Inner or Central Asia, 
geographical knowledge is almost a necessary qualification in any Power which 
seeks further intercourse and access. To Kussia, of course, it is matter of primary 
importance, situated ns she is in direct contact along all lier southern boruer with 
the nomade races which occupy the vast regions stretching across the continent 
between her and all the southern ports and seas ; but scarcely more so, perhaps, 
than to Great Britain, os another great Asiatic Power, — the only one of equal 
pretensions, strength, and influence in the East by its command of Western 
resources and Asiatic territory. A knowledge of the geogiaphv of the regions 
lying between the Caspian and the Amoor is, indeed, powder ot tlie most \aluable 
kind. When the Russians secured possession of the upjjer portion of the Zarafshan 
valley about Saware, they commanded the waters on which Bokhara depends for 
its fertility and existence, and of course obtained a means of easy conquest. Thus, 
whether for conquest or for commerce, Geography is the best ally and a necessary 
pioneer. If we look again at the map, showinj: the complex systems of mountains 
separating the plains of India from Eastern Turkestan and the upper tablelands 
and valleys of Central Asia, we shall find that they are not simple ranges, like the 
Alps or tne Pyrenees, which can be crossed by a single pass, as Mr. Shaw has so 
well shown, but are composed of many chains, enclosing considerable countries 
within their valleys. Thioet and Cashmere are examples of this. Eleven passes, 
we are told, have to be crossed in travelling from India to Turkestan ; and of these, 
only two are low^er than the summit of Mont Blanc. Yet, tlianks to the labours 
of many geographic explorers, impassable os these mountain-barriers seem, we 
know now that they are penetrated in such a manner by rivers, and so accessible by 
comparatively easy routes, that they form no insurmountable obstacle to peaceful 
commerce, althougn capable of a complete defence against force. Take, again, that 
range of the Thian Snon to the north and the Himalayan system to the south, 
which converge together as they run westward, and unite in a vast boss supporting 
the high plateau of Pamir, which the natives call the Bam-i-dunya, or “ Upper 
floor 01 the World. Numerous valleys penetrate into it from east and from west, 
peculiarity which makes it far easier to traverse fh)m east to west than from north 
to south — a fact which you will see at once has a most important bearing on the 
trade-routes. 

The latest advance in this direction of Russia is fixed at present at Kulja, where 
she has established an important trading centre. This has been obvioui^ dictated 
by a knowledge of geographical features giving her access to Eastern iWkestan ; 
(ox although Kulja appears to be separated by difficult snowy mountains, yet theee 
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are found to die away to the east ; and from that point Mr. Shaw tells us Kussia 
has it in her power to push her advance or her trade in two directions over level 
country, either eastward to China, or westward to Turkestan. 

Geography, it is clear, therefore, in these regions, is the right hand of Rulers and 
of Generals, and determines alike the march of armies and the advance of merchants. 
Nothing can be done by either without its aid. It is impossible, however, not to 
admire the energy and indomitable spirit with which Russia, claiming and freely 
using all the assistance scientitic geography can give, utilizes the knowledge thus 
secured. Mr. Shaw relates how the Muzat Pass, leading between Aksu and Kulja, 
lies over a formidable ghicier ; and he was assured that forty men were kept at 
work in the summer roughing the ice for the passage of the caravans. With such 
a rival it must be evident, if we are to compete in the same field with any success, 
that both Government and merchants must put forth all their strength, and neither 
be scared by physical obstacles nor daunted by expense and risks. This seems to 
me the great lesson which all these accumulated facts convey. Geography has 
shown the wav, it is for merchants to follow, and Government, if need be, to aid 
in removing oj3stacle8 not otherwise to be overcome. 

Tlie connexion between history and geography, and the important bearing of 
each upon tlie other, was scarcely recognized until the second half of the last cen- 
1 urv, when several hishnical travellers gave, with their researches into the ancient 
history of Greece and Western Asia, many details of physical geography, and 
showed how essential a knowledge of these were to any perfect understanding of 
the events taking place in the several localities. They must be studied together, 
as the nature of the ground on which a battle has been fought, or a campaign 
conducted, must be studied, to understand the movements of the contending forces 
and the design of the leaders. 

The late Rr. Arnold, in his lectures on history, insisted much upon the mutual 
relations of history and geography, and the important light which a study of 
physical geography throws upon the national conditions of life, social and political. 

The whole character of a nation,’’ he observes, may bo influenced by its geology 
and physical geography. Again, geography holds out one hand to geology and 
physiology, while she holds out the other to history. Both geology and phvsiology 
are closely connected with history. The geological fact of England’s superior rich- 
ness in coal over every other countrv’ lay at the bottom of the corn-law question. 
The physiological fact that tlie tea-plant was uncultivated in any other climate or 
country than China gave a peculiar interest to our relations with it.” And it would 
be easy to give many examples of this intimate connexion between geography and 
history, and the mutual aid they afford. 

We* have seen how possession of the head sources of the water supplies could 
determine the fate of a country like Bokhara. And the distribution of river-courses 
mainly determines the location of great populations, and the development of trade 
and civilization bv facilities of traffic and intercourse. l)r. Arnold, in the lectures 
already quoted, gives an admirable illustration in dealing with the map of Italy, 
which I cannot resist bringing under your notice. 

The mere plan-geography of Italy shows a semicircle of mountains roimd the 
northern boundary, and another long line stretching down the middle of the 
Apennines. But let us look a little further, and give life and meaning to these 
features, as Arnold delighted to do. 

Observe, in the first place, how the Apennine line, beginning from the southem 
extremity of the Alps, runs across Italy to the very edge of the Adriatic, and thus 
separates naturally the Italy proper of the Romans from Cisalpine Gaul. Observe 
again how the Alps, after running north and south, where they divide Italy from 
France, turn then away to the eastward, running almost parallel to the Apennines, 
till they too touch the head of the Adriatic on the confines of Istria. Thus, 
between these two lines of mountains there is enclosed one great basin or plain, 
enclosed on three sides by moimtains, opening to the east to the sea. One great 
river flows through it in its whole extent, and this is fed by streams almost un- 
numbered descending towards it on either side, from the Alps on the one side and 
from the Apennines on the other. Who can wonder that tnis large and rich and 
wcU-watered place should he fllled with flourishing cities^ or that it should bav^' 
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been contended for so often by more poor invaders P Then, descending into Italy 
proper, we find the complexity of its geography q^uite in accordance with its 
manifold political divisions. It is not one central ridge of mountains, leaving a 
broad belt of level country on either side between it and the sea ; nor yet is it a 
clear rising immediately from the sea on one side, like the Andes in South America, 
leaving room therefore on the other side for wide plains of tableland, and for 
rivers with a sufficient length of course to become at last great and navigable. It 
is a backbone thickly set with spines of unequal length, interlacing with each other 
in a maze almost inextricable. Speaking generally, then, Italy is made up of an 
infinite multitude of valleys pent in between high and steep hills, each forming a 
country to itself, and cut off by natural barriers from the others. Its several parts 
are isolated by nature, and no art of man can thoroughly unite them. Even the 
various provinces of tlie same kingdom are strangers to each other. The Abruzzi 
are like an unknown world to the inhabitant of Naples.” This is what Dr. Aniold 
meant by a real and lively knowledge of geography,” whicli brings the whole 
character of a country before our eyes, and enables us to understand its influence 
upon the social and political condition of its inhabitants. 

But such is the rapid progress of science and man’s triumphs over nature, that 
the tunnel through Mont Cenis, or Fell’s railroad over it, and the railroad which 
now pierces the Apennines and unites the eastern and western coasts of Italy, 
aided by tele^aphic wires, already falsify Arnold s eonclusion that no art of man 
can thoroughly unite re^ons so separated. And the influence these achievements 
must have over the unification of Italy, and the progress of civilization throughout 
the peninsula, can hardly ]>e exaggerated. 

Persia at the present day oiYers another striking illustration of the influence of 
physical causes on the progress of civilization and the destiny of nations. Apart 
from the consequences of ages of misrule, its physical geography has exercised a 
very adverse influence upon the country. Persia sufti'rs from a great deficiency 
of rainfall ; and although an immense supply of water comes from the mountains 
by the rains and the melting of the snow, it is lost in tlie plains and wasted, if not 
before, at least as soon as it reaches the great sslt desert about twenty miles from 
Teheran. ith the prevailing insufficituicy of the rainfall on the plains them- 
selves the whole country is becoming sterile"; but if the abundant supply from the 
mountains could be intercepted before it reached the lower ground and collected 
into reservoirs, it might then be distributed by irrigation over the whole face of 
the land and play the same part as the Zarafshan or ^Told-scatterer” (so called for 
its fertilizing powers) in the rich cultivation of Bokhara. Perhaps this mav not 
prove beyond the power of Baron Iteuter to accomplish, aided by all the science 
and some of the capital of P^urope. W hat further changes he may be enabled to 
effect by the introduction of railroads and telegraphic lines for facilitating trade 
and rapid communication, we may soon be in a position to speak from actual 
y fo^ It is stated in the public prints that the proposeci railway between 
Teheran and llesht is to be commenced at once, and that the plant ha.s already 
left England. More extended opemtions are, it is understood, contemplated to 
the south of Teheran to Ispahan, and from thence to the Persian (lulf — perhaps 
also to the Turkish frontier. The fonner will open a direct line to India, and the 
latter to the Mediterranean, should the Turkish Government be willing to work in 
concert. Who can calculate the revolution in the whole aspect of the country 
and its life-sustaining powers, if a whole series of such measures should be carried 
through at once ? 

The part which Eussia plays in the history of Europe and Asia, and the future 
which may yet be reserved for that Plmpire, is more a matter of physical geo- 
granhy than of politics or of policy, if we look to determining causes. What 
could Russia do, frozen in between two seas and with closed ports for more than 
able months in each year, but, guided by an infallible instinct (often exemplified in 
nations as in individuals), stretch out feelers towards the open waters and more 
genml climates ? We have heard much of Russia’s destiny driving her southwards 

j rn 8.nd eastward in the same parallel over tne rich valleys of Central 

v^sia ; but is it not a geographical necessity, far more than a political 
ambition, which has thus far driven her across the whole breadth of Asia imtil she 
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gained the Chinese ports on the Pacific, and southwards towards the mouths of the 
Danube, the sunny ports of the Mediterranean, and the head of the Persian Gulf? 
Until imfrozen rivers and ports could be reached, how could her people make any pro- 
gress or develop their resources ? It not only was a natural tendency, — as natural 
as the descent of the glacier to the valleys, forging downw'ards by a slow but irre- 
sistible pressure, but as inevitable. Obstacles may retard the process, but not 
arrest it,* and Kussia is but following the course of nature as well as history in 
nouring down nomade hordes and hardy Scythians on the cultivated territories 
13 ing in a more genial climate. Railroads and telegraphic wires supply her with 
means of transport and quick transit over vast spaces never enjoyed by her great 
predecessors in this line of inarch. Let us hope, too, that more civilizing influ- 
ences will follow her track, through regions never highly favoured in this respect, 
than marked the passage of a Genghis Khan or a Timor. ^The Times’ observed 
recently that it was one of the happiest coincidences in history that, just at the 
time when the natural course of commercial and political development brings 
Central Asia into importance, there should still exist in the eastern border of 
Europe an empire retaining sufficiently the character of a military absolutism to 
render it especially adapted for the conquest and control of these semibarbarous 
communities. 1 am not altogether prepared to accept this high estimate of Russian 
ability and peculiar fitness for its self-imposed task, without qualification. That 
Russia, Asiatic in origin and type, autocratic, and armed with all the power 
wliich militar3' science and discipline gh e, has some special fitness for the mission 
it seems to accept as a destiny, 1 am not inclined to deny. But whatever may be 
the decision arrived at on this head, it seems quite certain that as her progress in 
arms gives her control over Central Asia, so will be the exclusion, by protective 
or prohibitive tariffs, of all commerce but her own. It is only necessary to follow 
on the map, and in the liistory of the successive advances southwards, the progress 
made and the trad(^-routes established or extended within the last twenty years, 
to be convinced that trade and exclusive rights of commerce are among the prin- 
cipal objects whicli dictate the present policy of the empire. And, whatever may 
be the designs of Russia in her advances on Central Asia, it must be clear by this 
time that it is with her, and not with the nominal rulers of the States her armies 
have overrun, that we must count in an}* steps we may take for the peaceful 
prosecution of commerce. Strange and unexpected as are the reverses of fortune 
which have befallen nations and empires in ail ages, and great and complete as has 
been the fall of manv*, there are few more striking than the interchange of parts 
between the Muscovite and the Mongol dynasties. The time was, as Colonel Yule 
remarks, when in Asia and Illastern Europe scarcely a do^ might bark without 
Mongol leave from the borders of Poland and the coast 01 Cilicia to the Amoor 
and the Yellow Sea. As late as the 13 th century the Moguls ravaged Hungary 
and conquered Russia, which they held in subjection for many generations. Sarai 
on the Volga was the scene of Chaucer’s half-told tale of Cambuscan, when 

“ At Sarra in the Londe of Tartarie 
There dwelt a King that worried Russie.” 

The times have changed indeed since then, and the successors and descendants of 
those same Moguls and Tartars have another tale to tell now, at Khiva and Peking, 

Before I pass from this part of 1113^ subject, I would draw your attention to the 
vast field which yet remains in Asia for geographical research and exploration. 
The intimate connexion between sucli labours and the development of our commerce 
in the trans-Himalayan countries must have been made abundantly evident ; and 
I would fain hope there will never be any want of competent volunteers (who may 
rival Mr. Shaw and Mr. Ney Elias, both distinguished and adventurous pioneers 
taken from mercantile pursuits) to show the way for others. Notwithstanding all 
difficulties and opposing influences, physical and political, there appears to be a 
large field for our commerce, and one capable of almost infinite expansion, where 
enterprise, skill, and industry may fairly count upon a good return. 

As regards costly efforts in opening roads, it may" perhaps seem doubtful to the 
Indian as to the Imperial Government, how far either would be justified in any 
large outlay. Nothing, however, is more to be regretted than doubt or hesitation 



168 


REPORT — 1878, 


for tlie markets once monopolized by the Russians, we may seek in vain to open 
them to general trade at any later period. It is difficult to calculate how much we 
should lose ; for the distance from the Indus to Vemoje and Kopal, two of the most 
recent markets of Central Asia founded by the Russians, is about one third of that 
from these places to the groat fair of the Volga. Commercially this is of great 
importance, as these towns will become the centres whence the Tartar merchants 
wiU send forth .their agents to disperse the goods among all the Kirghis of the 
Steppes. From these points they will also go to the Mongolian tribes, on the north 
of the Gobi ; and this region, Mr. Atkinson assures us, contains a vast population. Ilti 
even anticipates that, should such a trade be established, the merchandise will find 
its way through the country of the Kalkas into Davuaria, and to the regions beyond 
the Selenga and the sources of the Amoor, where it may ad\'antageously compete 
with goods brought up the latter river ; nor will the Siberians fail to avail them- 
selves of its advantages. Whenever there shall be fairs on the Indus or beyond 
the passes of the llimalaytus on the borders of Sikkim or Thibet, the Kirghis will 
send into India vast numbers of good horses annually. Silver and gold, the same 
traveller says, is plentiful in their country, and their other resources will in all pro- 
bability be rapidly developed. The best mode of opening such a trade with Central 
Asia beyond question will be by fairs, or great marts, similar to Kiachta on the 
frontier between China and Russia, Irkutzk and l^rga, and more recently at Irbit 
bv the Russians. On this point we have also Mr. Atkinson’s very decided opinion, 
lie says, speaking of such fairs, “ This J d(‘em preferable to the English plan of 
consigning goods to agents either in Yarkand, Kokhan, or Tarshkend. Once these 
fairs are established, the Tartar and other merchants will attend and purclniso 
the necessary articles for the people among whom they vend their wares. These 
men are thoroughly acquaiutea with the trilxis and know idl th(‘ir wants. They are 
industrious and energetic in their calling, travelling over thousands of miles. They 
know every part of the country, and where to lind the tril)es in all seasons of the 
year ; and it is by them that Russia distributes her merchandise' over Central Asia. 
\Vherever trade can be earned on at a profit, experience has shown that all natural 
obstacles have been surmounted by these hardy .‘^oiis of the Steppe. It is well to 
have such commercial agents and distributors as allies and customers, whereas any 
attempt to locate English agents in their midst would create j«‘alousy and excittJ 
fears lot they should lose their legitimate profits. Ear greater dangers are encoun- 
tered by caraVans which travel from Kulja into the interior provinces of China than 
they will meet with between Yarkand, *Ka.shgar, and the Indus.” All that is re- 
quired is to bring the goods from the plains of India through the passes to the 
border : and steps to this end are being actively taken in more than one direction. 

In I80O Lord Dalhousie sanctioiu'd the commencement of a road, which, leaving 
the plains in the neighbourhood of Kalka, iiO miles from IJmballah, should ascend 
to {Simla and thence towards Thibet, through the temperate valley of the Sut- 
ledge, to Shipki on the Thibetan border. In the next five vears this Hindostan 
and Thibet road, which was to unite India with Central Asia, liad made such 
progress, that 1 15 miles of six-feet road had been completed ; and it was anti- 
cipated that by the following spring but 25 miles would remain of unfinisbed 
work between Simla and China, and 00 between Simla and the frontiers of 
•China. I regret to state that later accounts show the work to have been stoppc'd ; 
and this seems to be matter for deep regret, both on account of the large unproductive 
expenditure incurred for a work stopped short of completion, and the urgent necessity 
there is for secure acceas to the tran8-IIimala3^an regions, while there is yet room 
for competition with Russian trade and influence. One of the great questions of 
the hour is, how best and most expeditiously to open up practicable roads from 
the plains of India to Central Asia, on the west to Turkestan, and eastwards to 
the borders of Thibet, and perhaps by British Burmah across the Shan States to the 
western provinces of China. But access to the markets of Central Asia is by far the 
most urgent and important ; for, as I will presently show, the southern route through 
Burmah, were all difficulties overcome (and they are neither few nor slight), pro- 
mises little in comnarison with a more direct outlet for the Assam teas, and an 
interchange of goods and produce with the populations of Thibet, Turkestan, and 
Central Asia generally. Across the Himalayan barrier it appears there is a cnoice 
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of more than one or two practicable passes ; that through Sikkim to the vicinity 
of Thibet offers the fewest difficulties, ana in every respect promises the most 
speedy results with a moderate outlay. Other routes to the west, leading to 
tiadatshan, and one by Ladak to Turkestan (where we have already an energetic 
and enterprising Britisn representative in Mr. Shaw), and through the valley and 
passes of the Chitral, are beset by many difficulties, physical and political, though not 
more than a powerful Government like India may surmount. It has been said 
that if the Russians had such a question to deal with, the solution would not be 
long delayed ; and no doubt they have solved some more arduous problems in the 
present generation. The enterprise, vigour, and perseverance which mark all their 
proceedings where the extension of their commerce or their dominion and influ- 
ence over Asia from Peking to Constantinople (and especially towards the Khanates 
of Central Asia) are concerned, may leave us far behind in the race, and render 
them formidable adversaries, notwithstanding their merchants are weighted with 
distances so vast, that the 700 miles from the Indus to the other side of the 
Himalayas sink into insigniflcance. But 1 am not inclined to join in any con- 
demnation of our own Government, without taking into consideration the inherent 
dilflculties of the task, because tliey have not moved hitherto more rapidly in this 
direction. As regards access by Sikkim there ought to be both decision and 
prompt action. It is a protected state, and a late despatch of the Lieut.-Govemor 
of Bengal to the Secretary to the Government of India expresses a hope to be 
able to connect tlie frontier mart at Dewangiri, once a very active trade-mart for 
the Tibetans and other adjoining districts, witli the plains of India by a good 
road this next cold season. He considers it possible ‘‘to have a much easier, 
pleasanter, and more prohtahle communication with High Asia by this way than 
lurther w(ist j” and speaks very decidedly as to the uselessness of any right of 
passage or trade through Nepaul or Bhootan. There seems every hope, therefore, 
that within a few months something effective will be done to open a trade-route 
through Sikkim and make the passes practicable. All that seems to bo required is 
a branch railroad from the other side of the Kooshteen, where the Eastern Bengal 
Railway touches the Ganges, on through fertile Rungpore to the foot of the hills, 
and a road through the pass to the border, where a fair could be established and a 
trading station maintained. 

Any direct access beyond the Thibetan border can only, in the nresent con- 
dition of alfairs, be obtained by diplomatic action at Peking. The Chinese 
Government have hitherto created all the obstacles; and there is the greater 
reason for pressing a less restrictive policy upon the Chinese, that at the head of 
the Assam valley the Mishini country communicates with Batang, a dependency of 
the Szechuen Province of China ; and access to this point through the border would 
be a much more eflective mode of tapping the south-western provinces of China 
than any routes through Burmah to lunnan. Now that the Emperor’s minority 
is at an end, and the Regency with it, the time would seem favourable for a strong 
and decided effort at Peking to remove the obstruction created by the jealous and 
restrictive policy of the Chinese rulers. But while Chambers of Commerce and 
Merchants are urging Her Majesty’s Government to incur both outlay of money 
and grave political responsibilities for the furtherance of trade and the opening of 
new markets for our manufactures, it is necessary that they should be prepared to 
do their own part, and push boldly forward with their goods as soon as access can 
be gained — because any doubt on this head must necessarily tend to paralyze the 
efforts of a Government by the fear of working in vain. One cause of hesitation 
about the continuance of the magnificent work commenced by Lord Dalhousie in 
1850, by which a great road was to be made from the plains to Shipki on the 
borders of Thibet, may have been certain doubts expressed by merchants as to any 
trade taking that route. 

But I must not detain you longer, I will only glance at the projects for opening 
a trade by railway between Burmah and South-western China. The one route, so 
long advocated by Captain Spry, would cross over from Rangoon to Kianghung on 
the Meikong; and another, recommended by Colonel Fytche when Chief Com- 
missioner of Ilritish Burmah, would extend from Rangoon to Prome, with a view 
to opening a trade vid Bhamo. 
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Many memorials have been sent diirinf? past years to the Home Government to 
urge the undertaking of the first of these for the benefit of trade ; but I am not 
aware that, important as the merchants have deemed it, the matter has ever been 
pressed on the Government by any Member of Parliament in the House of Com- 
mons, and I doubt very much such a line proving remunerative. Yunnan, so 
far from being, as described by some of the memonalists, both populous and pro- 
ductive, has been reduced to a desert waste by the civil war and the destruction 
of the Mahomedans, and for long years to come there can be little hope of com- 
mercial activity. It can scarcely be expected, therefore, that either the Imperial 
or the Indian Government will imdertake to make such a railroad themselves, or 
to guarantee the interest for others. As regards the Government of India, it has 
always held, I think, of late years that the Indian revenue could not justly be 
charged with the cost of an enterprise which, however successful, could only 
benefit l^mglish trade, and very indirectly, if at all, Burmah. If any guarantee is 
necessary, therefi)ro, it seems clear it must come from the Imperial and not from 
the Indian Government. There is one other consideration : recent news show that 
the French in Cochin China have by no means given up the hope of drawing any 
trade to be developed with the south-west of China by a much more direct and 
river-route to a port in tlie Gulf which they have recently secured for their own 
benefit. Although tlie French have not usually proved fonnidable rivals in Eastern 
trade, it is possible that, with such advantage of geographical situation, water- 
carriage, and proximity, they might seriously cheek any development of trade in a 
less favoured course. 

Before concluding I must give you some information as to the papers wliich are 
likely to occupy your attention during this session. 

Dr. .1. M<-'Cosh will read a paper on an overland communication between India 
and China, a subject which ho is qualified to pronounce an opinion upon, having 
made it his study for uj)wards of thirty years. As long ago as 183G, whilst 
serving in Assam, he furnished the Government with an ofiicial report, in which 
he pointed out the facility of connecting India and China by a grand trunk road ; 
and he read a paper on the same subject before the Boyal Geographical Society 
in 1800. lie advocates the Munnipore route. 

Mr. Nev Elias contributes a paper On Trade-Boutea through Mongolia and 
Zungaria.^’ He gained the Boyal Medal of this year from the Itoyal Geographical 
Society for his adventurous jouniey in 1872, as a private traveller, over the countries 
described in his paper, and is well known ns an accomplished traveller, taking 
observations for laying down his route with rare completeness. He states in his 
paper that the only trade-route now open between Central Asia and Western China 
IS that through Mongolia. 

Mr. J. Thomson will read a paper on the Yang-tszo as an artery of communi- 
cation. Mr. Thomson has been long before tlie public as a successful traveller and 
accomplished photographer of the scenery of distant countries. Some years ago ho 
visited the marvellous ruins of temples and cities in Cambodia, and published a 
magnificent work on llie subject, illustrated by photographs. Since then he has 
visited China and Formosa, and is publishing, in parts, a work of a similar cha- 
racter to his former one on Cambodia. 

I believe Mr. Thomson will bring a set of photographs for exhibition. 

35aron Richthofen will read a paper On the Distrioution of (hial in (/hina.” 

He will perhaps read a second paper on the general subject of Lis travels. He 
is one of the most accomplished of Chinese travellers, and has traversed pro- 
bably the largest extent of country. His published Report to the Committee of 
the Shangai Chamber of Commerce on his Explorations m the Provinces of Chili, 
Shansi, Shensi, and Sz’chuen is full of the most interesting information regarding 
the physical geography, resources, and products of the interior of China. He 
is present at the Meeting, one of the distinguished foreign savmis invited by the 
tov^Ti and the Association. 

Capt. J. E. Davis will read a paper on the results so far of the voyage of the 
^ Challenger.’ Capt. Davis was a member of Ross’s great expedition towards the 
South Pole, and by his position in the Hydrographical or Scientific branch of the 
Admiralty is well f|ualincd to deal with such a subject. The public have been 
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informed from time to time pf the results of the deep-sea soundings and dredgings of 
the ^ Challenger/ but Oapt. Da\is will supply by far the completest information. 

The Hev. W. Wyatt Gill will give us an account of Three visits to New 
Guinea.’’ Mr. Gill, after twenty -two years spent in missionary life in the South 
Pacific, spent a short time at the mission stations in Torres Straits, and visited the 
mainland of New Guinea. 

Heccnt Arctic Exphratims . — The Spitzbergen and the Smith Sound routes are 
the two great rival highways of exploration towards the arctic basin, and discovery 
lias altiu’nately pushed nearer the pohi by the one and the other. Till recently the 
Spitzb(‘rgeii route held the palm, for by it ships had reached to beyond the 81st 
j)arallel, whilst oji tho American side no ship had been able to force a passage 
higher than tin'. 70th degree of latitude ; but in 1872 the American expedition, led 
by Capt. Hall, who has perished in the cause, making its way northward by Smith 
Sound, attained the highest point yet reached by ships, the latitude of 82° 10' N., 
or to within 420 miles of the North Pole. Two expeditions, one from Austria the 
other from Sweden, are also in progress on the Spitzbergen side. The Austrian, 
under tho leadership of Weybrecht and Payer, has passed beyond the limits of the 
remotest traffic into the unknown seas to the north of Siberia, and it is probable 
that no news of tliis voyage may reach civilized Europe for many months. The 
Swedish voyage had for its object to move northward by sledges from the Parry 
group of islands in tlie north of Spit;il3crgen, but has failed completely in this often- 
tried scheme, and spent the past winter at Morrcl Bay, on the coast of the chief 
island of S])itzberg('n. Early in the spring of this year another fruitless attempt 
was made to go mn-th over tlie hummocked ice. Desisting unwillingly from these 
useless efibrts, the sledge party turned along the coast of the north-east land of 
Spitzbergen to its extreme east(*rn point, and thence ascending the high inland ice, 
made a difiicult passag(‘ across to llinloper Strait, from whence the winter-quarters 
of tho ship were again reached. 

With regard to British enterprise in the Arctic regions there is little to report. 
Since the termination of the long series of brilliant exploits in the Polar regions at 
the end of the search after Sir John Franklin, England seems to have abandoned 
the field to rival nations. A few private expeditions to the Spitzbergen seas, 
notably those of ^Ir. Leigh Smith, who has again visited those regions this summer, 
alone represent British activitv in the Arctic seas. IIoAvever, the Royal Geo- 
graphical Society docs not allow the matter to slumber. An endeavour was 
made last winter to induce the Goveniment to send out another expedition; 
and at tho present time a joint Committee of the Royal and the Royal Geo- 
graphical Societies is at work formulating a plan of action with a view to 
representing to Government the urgency of despatching an expedition in 1874. 

Africa . — Of Dr. Livingstone and Sir Samuel Baker no fresh news has been 
received beyond what has been before the public. Two expeditions are now 
on their way to Central Africa in search of Livingstone and to cooperate wdth 
him. The Congo Expedition at last date (April 3) had reached Benibe, l.‘i0 miles 
from the coast, in admirable order. The East Coast Expedition had reached 
Rehenneko, 120 miles, but with the loss of one of the party, Mr. Moffat, who died 
near Simbo. Their plan was to reach Tanganyika, and finish the exploration of 
that lake, until Livingstone 'was met with. 1 had hoped to have seen Sir Samuel 
Baker here, that we might hear from his own lips and in fuller detail what he 
has accomplished. I do not quite despair yet; but up to the present hour I have 
had no communication from him since his arrival at Cairo on his homeward 
journey. 


On the true Position and Physical Characters of Mount Sinai. 

By Charles T. Beke, PluB,, F.M.G.S, 

The identification of Mount Sinai is still uncertain. Though the great motmtain- 
mass within the peninsula between the Gulfs of Suez and Akaba is generally 
looked on as containing the Mount of God,” it has hitherto been found imprac- 
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tioable to fix on any one of its lofty peaks as being incontestably the true Mount 
Sinai. The Ordnance Surrey of the peninsula recently completed, however ably 
performed, has failed to remove the doubts and difficulties attending the subject, 
which have thrown discredit on the truth of the Bible histoiy^ ; for, though the 
topography of the peninsula has thereby been definitively settled, the relative 
importance of the various localities and their bearing on the Scripture narrative 
continue just as uncertain as ever. 

According to Dr. Beko, the cause of this uncertainty is obvious. The primary 
question ought not to be whether this peak or tli(‘ other peak within the penin- 
sula has the greater claim to be considered the true .Mount Sinai, but wbothcr 
they are any of them entitled to that distinction. In his work ‘Origiiies Biblicm,* 
published in 1834, he contended that Mount Sinai is nowhere within that penin- 
sula; and in the present paper he adduces proofs that this mountain is in reality a 
volcano, now extinct, situate within tlie Harm Itadjhi, a rt'gion of igneous origin, 
situate on the western side of the Scii})tural iiand of Midian,” now the grcjat 
Arabian desert, and at no great distance to the east of the head of the Gulf of 
Akaba, or Sea of Edom, which (and not the (iulf of Suez) he looks on as the Ked 
Sea through which the Israelites pa.wd on their exodus from the Land of 
Bondage — the Mitzraim of Scripture not b<‘ing identical with the Eg\q>t of the 
Ptolemies, but lying altogether towards the north-east of it, in proximity to the 
country of the Philistines. 

At the time of the Exodus Mount Sinai was in a statt* of eruption, the smoker 
and tiame from its crater being des.crilaHl by the sacred histoniin as “ by day a 
pillar of a cloud, and by night a pillar of tiio,” just as the p<M*t l‘indar sp«*aks of 
Mount Etna as pouring forth by day a burning str<*ain of smnke, but b\ night a 
ruddy eddying name; and the volctino wiis not extinct in the lime of the prophet 
Elijah, six centuries later. 

i)r. Bf‘ke traces the rout** of tlu' Tsra<'lite> fr*»m Pames«‘s to Succoth, and thence 
to Ethani, which he identifies with the Wady Vetouni or Itlioin of the present 
day, a side valley of the Wady Ambah, at the head of ilie < iulf of AKaha. From 
Etham the Israelites tiinu'd, and (as Dr. Ih-ke reads the lh*brew text of Exotius 
xiv. 21) they encamped “ before the mouth.s of the ca\eni.s, hetwenm the ca-stle 
and the sea, over against its north <*nd,” the Gastle thus mentioned being now 
represented by the Gastle of Akaba at the north end of the Gulf. And afUT the 
Israelites had passed tlirough the st*a, their lurtber route is traced to .Manih, Fdim, 
and again to the sea-coa^t at the eiitran<‘e to the (riilf of Akaba; whence they 
proceeded in the direction of Mount Sinai, Ixdng guided by tlie pillar of a cloud 
and the pillar of fire during this portion of their jounie\ , as tiuw had bien in that 
btdween Succoth and Etham. Fora detailed stateiinmt of his vir*ws J)r. Beke 
referred to his pamphlet, ‘ Mount Sinai a Volcano,’ recently published. In con- 
clusion he expressed hi.s de>ire to virit the vol<*aiii(! region to the east of tin* heml 
of the Gulf of Akaba, where ho places the true Mount Sinai, for the puq>om* of 
veril^nng and completing bis identification of that “ holy grountl,” and so putting 
an end, once and for ever, to tlu* doubts and ditficulties that have so long exisUai 
re8i>ecting this the most venerable spot on the face of tlio earth ; and it not lM*ing 
in nis power to perforin so costly ,a journey at his own expfUHe, lu^ »*xpr«*ss<‘d his 
confident hope of support from those interested in the settlement of so momentous 
a question. 

Oil (he Physical Geography of the Deserts of Persia and Central Asla^ 

By W. T. Bla.\foki), FM.S., CJLZ.8. 

The deserts of Persia consist of va.st plains of alluvium, usually ranch longer than 
they are broad, surrounded on all sides by higher ground, and in several instances 
having a portion of their surfjfwie covered W salt. No river emerges from any part 
of the Persian plateau. All the rain which falls is evaporatf^d or absorbed. * Most 
of the streams from the hills which surround the central plat<»au bTminate in salt 
marshes or salt lakes : but there are two remarkable exci'ptions, the lake or marsh 
of Seistan receiving the Helmund river and the lake of Jotcha, which is in liussian 
territory ; both of these are fresh. 
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It appears probable that tbe alluvial desert plains have been formed in lakes which 
o'xistea when the rainfall was greater than it now is. Around the borders of the de- 
serts are remarkable slopes of coarse gravel, formed probably of material washed from 
the surrounding hills. But the great depressions of the countir must have been 
formed under different meteorological conditions, and were probably at one time 
river-valleys closed by the elevation of ranges of hills in the later Tertiaiy period 
accompani(3d by a decrease in the rainfall. The desiccation of the country has pro- 
bably been gradual ; it is possible that in historic times the rainfall was neater than 
it now is, and that th(i former population of the country was larger. The change 
has in all probability been graaiud from river-valleys to enclosed lakes and from 
lakes to d(‘S(‘rts. 

It appears probable that a similar change has taken place throughout a large por- 
tion of Central Asia. A large }>art of Central and AVesteni Asia, from the Black 
•Sea to Thib(*t, closely reseinbies Persia in its physical characters; and the drying-up 
of the lower course of the Oxus may have been primarily connected with the 
diminution of the ri^^‘r due to the decreast^ in the supply from rain. 


On fhr Plu/f^lcal Geotjraplnj of the Meditfrmnmn, con^Ulered in relation to 

that of the JilieJe St a and the Caspian. Ihf William B. Calpexter, 

I.L.I).. F.JLS. 

'raking as bis datum ihf) equality between tin* evaporation from the surface of 
the Caspiaji Sea, and the ainouiil of fre.sh wat(‘r returned to it by rain and rivers 
(s«‘e p. ](m), the autlu^r showtsi the appli(‘ability of this datum to prove the 
correctn(‘ss of Dr. Halley's doctrine, that t)ie surfac(‘ in-cuiTent of the Strait of 
(libraltar is (hie to the excess of evaporation in tin* MtHliterranean area — a doc- 
trine which has bfaui r(‘cently calleu in question by Ihof. lluxlev, who has ex- 
pressed the opinion th.it, lookintr to the (uiormous amount of fresli water poured 
into this basin by the ri\ers which discharge themsehes into it, the sun must 
have enough to do ti) lonqi the Mcjditerranean down.*’ The area of the Bhick Sea 
(including the Sea of Azov) and that of the Ca-spian are nearly equal, each being 
estimat(‘<l at alumt lSO,t)0() square miles. Th(»y lie for the mo>t part between the 
same annual isiUherms of (jtS and .W, the extension.^ of the ('aspian to the south 
of the f<)nuer and to the north of the latt(‘r being nearly equal ; and hence we may 
C(uiclude that the t‘vaporation from the two seas is nearly the same. Now, as the 
whole water of the \olga and of the other rivers that empty themselves into the 
C’aspiun is only sulliciimt to make up for i/w evaporation, it is obvious that the con- 
tribution of the Danube, the Dnieper, the Dniester, the Don, and other rivers that 
empty themselves into the Black Sea, towards the supply of the Mediterranean, is 
only the exce.^s which remains after compensating for the evaporation of the Black 
Sea — or (assuming the equality of this with the evaporation of the Caspian) the 
c.rcens of the volume of the Black-Sea rivers over that of the Caspian rivers, which 
(as will prestmtly appear) must be a very insigniffcaiit contribution to the Medi- 
terranean in comparison with the area of the latter. 

How small that excess really is, may be gathered from the experiments on the 
Dardanelles and Bosphorus currents, of which the particulars have elsewhere been 
jnven (p. 41), For not only is the outward surtace-current extremely variable 
in its rate, and liable to occasional reversal, but, when it is at its strongest its 
effect is most counteracted by the inward undercurrent. The propoidional torce 
and volume of the two currents cannot be estimated from these experiments with 
any thing like certainty; but Captain AVharttm thinks that the undercurrent 
sometimes carries in as much as two thirds of the water that the surface-current 
carries out That it ordinarily returns at least halfy mav be fairly inferred from 
the constant maintenance of the average salinity of the Black-Sea water at about 
half that of Meditemmean water ; since it is obvious that this proportion could 
not be kept up unless as much salt re-enters the basin by the undercurrent as 
passes out of it by the upper. Hence, as the salinity of the undercurrent is twice 
that of the unper, its volume may be taken at about one haif'y so that the actwd 
excess of outflow will be only about one half of the volume of water that forms the 
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surface-current. And tlius the whole contribution of the gi’eat rivers that discharge 
themselves into the Black Sea, to the maintenance of the level of the Mediterra- 
nean, is represented by an outflow through the Dardanelles by no means exceed- 
ing the amount brought down by a single considerable river. 

We now turn to the Mediterranean^ and shall again use the Caspian as a basis 
on which we may form some kind of approximative estimate as to the proportion 
between the evaporation from its surface and the return by river-flow. 

In the first place, the area of the Mediterranean, including the ^gean and the 
Adriatic, is between four and five times the present area of the Caspian ; so that, 
taking the evaporation over equal areas of the two seas to be the same, the quan- 
tity of return that would be needed to keep up the level of the Mediterranean 
w’ould be between four and five times as great as that which suffices to maintain 
that of the Caspian. But looking to the fact that the principal part of the area 
of the Mediterranean lies east and west between the parallels of S’2^ and 40° N. lat., 
whilst that of the Caspian lies north and south between the parallels of 30° and 
40°, it seems obvious that this difierence alone would cause the evaporation of the 
Mediterranean to be 7nuch f/reater for equal areas than that of the Caspian. The 
ordinary summer temperature of a considerable part of the eastern basin of the 
MediteiTanean is not much below' 80° : Dr. Carpenter has himself seen it ranging 
from 7o° to 80° between Malta and Alexandria in the early part of October. And, 
notwithstanding the curious nortliern bend by which tlie summer isotherm of 80° 
is carried through OreeceJ’and Asia ]Minor, along tlie southern shore of the J flack 
Sea, it only just touches the southern basin of the Caspian, the summer tempera- 
ture of nearly the whole of this sea being below that of the nortlnTiimost parts of 
the Mediterranean. The difierence is tar greater, how'ever, during the winter 
months. Taking tlie lowest winter temperature of the Mediterranean at Prof. 
Huxley’s average of 48' (and Dr. Carpenter has reason to bidieve that this is some 
degi’ees too low' for the eastern ba*in. whilst it is not at all too high for the 
w'estem), we find the January mean of the ('aspian to range from 40° at its 
southern extremity to 30° in its mi<ldle basin, w'hile its’ northern basin is crossed 
by the January isotherm of 20°. Hence, as regards temj.ef'afure alone, the mean 
annual excess is largely on the side of the Mediteirant^an. But there is another 
element not less important — the extreme dtyness of th(‘ hot winds wiiich blow over 
the Mediterranean (especially its eastern basin) from the great African deserts, and 
which take up an enormous amount of moisture in their course. 

We should not be ffir wrong, then, in assuming that, to counteract this enormous 
evaporation, the volume of river-water poured into the Mediterranean ouglit to be 
at least six times that received by the Caspian. But w hat is the actual amount of 
that supply ? Along the whole Africancoast, from the Strait of (Gibraltar to the 
Nile, there is nothing that can be called a large river. Around the wffiole Levant 
there is the same deficiency. And thus, W'ith the exception of the Nile and of the 
Po (a slow-flowing river of verv' moderate volume), no great body of water is 
poured into the eastern basin of the Mediterranean, save the overfiow of the Black 
Sea, which comes down through the Bosphorus and Dardanelles. How small a 
contribution is made by this overflow to the maintenance of the general level of 
the Mediterranean, seems apparent from the fact that the specific gravity of the 
water of the ^gean, with which it first mingles, is scarcely, if at all, lowered b^ 
the intermixture of the half-salt stream which discharges itself into the part of it 
most remote from its communication with that larger basin. Into the W'estem 
basin of the Mediterranean no other considerable rivers discharge themselves than 
the Khone and the Ebro. Thus the sum total of the supply brought into the 
whole Mediterranean area by great rivers may be expressed by the Nile, one half 
of the Dardanelles surface-current, the I^o, the Rhone, and the Ebro. And if we 
add to these the ten submarine springs of fresh w ater which are known to burst 
up in the Mediterranean,” it seems perfectly clear that w'e cannot make that total 
any thing like six times the amount which is brought into the Caspian by the 
Volga, the Ural, and the Transcaucasian rivers, and which has been shown to be 
cniirehf dissipated hy evaporation. It has been estimated by two French officers, 
MM. Regy and Vigan*, who have recently compared the probable evaporation of 
* Annales dcs Pouts et Chauss^es, 1863 and 1866. 
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the Mediterranean with the rainfall over its area, that the annual excess of the 
former represents a stratum of feet ; and the largest estimate of the amount 
brought in by rivers cannot make up a third of this quantity 
^ With such an adequate vem eama as this enormous excess of evaporation, there 
19 no occasion to go in search of any other explanation for the Gibraltar in-current. 
For it is obvious that if the marine water-shed between Capes Trafalgar and 
Spar tel were to be raised 1000 feet, so as to cut off the Mediterranean basin from 
the Atlantic, the excess of evaporation from its surface would produce a pro- 
gressive reduction of its level (as has happened with the Caspian), until its area 
came to be so far restricted as to limit its evaporation to the amount returned to it 
by rain and rivers. But so long as this communication remains open, so long will 
an in-current through the Strait of Gibraltar maintain the present level and area 
of the Mediterranean. That this in -current persists through the winter (which is 
advanced by Brof. Huxley as an objection to the received doctrine) is easily 
explained. The temperature of the surface, though reduced to 50 degrees or there- 
abouts, is still sufficiently high (especially under dry African winds) to maintain a 
considerable amount of evaporation ; and it is during the season of this reduced 
evaporation that the river-supnly is least ; for all the great rivers which dis- 
charge theniselv(}s into the Mediterranean basin are at their lowest during the 
winter months, their upper sources being then frozen up, and it is with the 
melting of the snows that they become filled again. 


Oil the Physical Geography of the Caspian JSea, in its relatlom to Geology'^, 
By William B. Carpenter, J/.D., LL,D,, F.R.S, 

The object of this communication was to make known the most important of 
the facts contained in the Report of Prof, von Baer on the Physical Geography of 
the Chuspian — these facts having a special interest for Geologists, and affording also 
a reliable datum in regard to the relation between the amount which is lost by 
surface-evaporation and that which is returned by rain and rivers. 

The Caspian, which is the largest existing Inland Sea without any outlet, is a 
survival ” of that great central sea which, at no remote geological period, 
covered a largo part of Northern Asia; the gradual upheaval of the land having 
separated it from the Euxine on the one side, and from the Sea of Aral on the 
other, as well as from the Arctic Sea, with which this marine province was 
formerly in communication. How small an elevation has sufficed to cut off this 
communication on the northern side, is shown by the fact, that the connexion of 
the Hwina with the 'S'olga by a system of canals lias opened a way for vessels to 
p^s between the Caspian and the White Sea. Thus remaining isolated in the 
midst of land, the Caspian has undergone a series of very remarkable changes, 
which can be distinctly traced out. 

In the first place, it is evident (as was long since pointed out by Pallas) that 
the former extent of the Caspian was much greater than its present area. The 
southern portion of its basin, which lies among mountains whose escaipments 
extend beneath the water, is % far the 'deepest, a large part of its bottom lying 
between 2000 and 3000 feet below the present surface of the water. The middle 
portion has also a considerable depth on the Caucasian side. But the northern 
portion is nowhere more than 50 feet deep ; and this depth is continually being- 
reduced by the alluvial deposits brought down by the rivers which discharge them- 
selves into this part of the basin, notably the Volga and the Ural. These rivers 
run through an immense expanse of steppes, the slope of which towards the 
Caspian is almost imperceptible ; so that if the level of its waters were to be 
raised even very slightly, an expanse of land at least equal to its present area 
would be covered by it. Now, as the present level is about 80 feet below that of 
the Black Sea, whilst ample evidence that the steppes were formerly overflowed 
by salt water is afibrded by beds of marine shells, as well as by the persistence of 

* Sir John Ilerschel, adopting somewhat different data, came to a conclusion essentially 
the same (‘ Physical Geography,* p. 27). ^ 

t Bead in Section C. 
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numerous salt lalies and salt marshes, there can be no question that the northern 
basin of the Caspian formerly extended over the whole plain of the Volga below 
Saratov ; and no other cause can be assigned for its contraction, than the excess of 
evaporation over the return of water hy rain and rivers. 

But such a reduction in the volume of water as must have taken place in order 
to produce this lowering of level would have shown itself, it might be supposed, 
in an increase of its salinity ; whereas the fact is that the proportion of salt (which 
varies in dilferent parts of the basin, and also at different seasons) is on the average 
only about one fourth of that which is found in oceanic water, and does not much 
exceed one half of the proportion contained in the water of the Euxine. This 
reduction, however, is fully explained by the observations of Yon Baer, who traces 
it to the number of shallow lagoons by which the basin is surrounded, every one 
of which is a sort of natural salt pan ” for the evaporation of the water and the 
deposit of its saline matter in the solid form. This process may be well studied in 
the neighbourhood of Novo-Petrosk on the eastern coast, where what was 
formerly a bay is now divided into a large number of basins, presenting every 
degree of saline concentration. One of these still occasionally receives water from 
the sea, and has deposited on its banks only a very thin layer of salt. A second, 
likewise full of water, has its bottom hidden by a thick crust of rose-coloured 
crystals like a pavement of marble. A third exhibits a compact mass of salt, in 
wnich are pooks of water whose surface is more than a yard below the level of the 
sea. And a fourth has lost all its water by evaporation, and the stratum of salt 
left behind is now co^ered by sand. A similar concentration is taking place in the 
arm of the sea termed Kai’asu (Black Water), which runs southwards from the 
north-east angle of the Caspian ; for, notwithstanding the ])roxiniity of the mouths 
of the great rivers, the proportion of salt there rises so greatly above that of the 
ocean, that animal life, elsewhere extremely abundant, is almost or altogether 
sujmressed. 

This process goes on upon the greatest scale, however, in the Karaboghaz — 
a shallow diverticulum from the eastern part of the middle liasin, which is pro- 
bably a survival ” of the former communication between the Caspian and the Sea 
of Aral. This vast gulf communicates with the sea by a narrow mouth, wliich is 
not more than about 150 yards wide and 5 h‘ct deep : and through this channel 
a current is always running inwards with an average 8p(‘(‘d of three miles an hour. 
This current is accelerated by westerly and retarded by (easterly winds ; but it 
never flows with less rapidity than a mile and a half per hour. The navigators of 
the Caspian, and the I’urkoman nomads who wander on its shores, struck with the 
constant and unswerving course of this current, liave supposed that its waters pass 
down into a subtemmean abvss (Karaboghaz, black gulf), through which tney 
reach either the Persian Gulf or the Black Sea. For this h^-pothesis, however, 
there is not the least foundation. The basin, being exposed to every wind and to 
most intense summer heat, is subject to the loss of an enormous quantity of water 
by evaporation : and as there is very little direct return bv streams, the deficit can 
only be supplied by a flow from the Caspian. The small depth of the bar seems to 

S revent the return of a counter-current of denser water, none such having been 
etected, although the careful investigations made by Von Baer would have shown 
its presence if it really existed. And thus there is a progressively increasing con- 
centration of the water -within the basin of the Karaboghaz ; so that seals v/hich 
used to frequent it are no longer found there, and its borders are entirely destitute 
of vegetation. Layers of salt are being deposited on the mud at the bottom ; and 
the sounding-line, when scarcely out of the water, is covered with saline crystals. 
Taking the lowest estimates of the degree of saltness of the Caspian water, the 
width and depth of the channel, and the speed of the current. Von Baer has shown 
that the Karaboghaz alone daily receives Irom the Caspian the enormous quantity 
of three hundred and fifty thousand tom of salt. If such an elevation were to take 
place of the surface of the bar as should separate the Karaboghaz from the basin 
of the Caspian, it would quickly diminish in extent, its banks would be converted 
into immense fields of salt, and the sheet of water which might remain would be 
either converted into a shallow lake, like Lake Elton, which is 2C0 miles from 
the present northern border of the Caspian — or a salt marsh, like those whieh 
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Cover extensive tracts of the steppes — or might altogether disappear by d^ing 
up, as seems to have been the case with a depressea area lying between Lake 
Elton and the River Ural, which is 79 feet below the level of the Caspian, and 
about as much more below that of the Black Sea. It is impossible that a more 
“ pregnant instance ” could be adduced of the effect of evaporation ahm in main- 
taining a powerful current, than is afforded by this case of the Karaboghaz. 

That when the basin of the Caspian had been once completely isolated, the level 
of its water was rapidly lowered by evaporation, until its area was so far reduced 
as to keep down the amount of evaporation to that of the return of fresh water by 
rain and rivers, is shown by Von Baer to be an almost inevitable inference from 
facts of two independent orders. At the height of from 65 to 80 feet above th6 
present level, the rocks which formed the original sea-shore of the sotdhem basin 
have been furrowed out into tooth-shaped points and needles ; lower down, on the 
contrary, the rocks now laid bare show no trace of the erosive action of the water ; 
so that its level would seem to have sunk too rapidly to allow the waves sufficient 
time to attack the cliff- walls effectively. Again, along the shallow border of the 
northern basin, the shore for a space of 250 miles is gashed with thousands of 
narrow channels, from 12 to 30 miles in length, separated by chains of hillocks, 
which pass inland into the level ground of the steppes. In the neighbourhood of 
the mouths of the Volga, which brings down a greatly increased volume of water 
at the time of the melting of the snows, the excess flows into these channels, and 
thus tends to keep them open ; so that, \vhen the inundation is over, the sea again 
passes up them. Further to the south, on the other hand, the channels, like the 
intervening hillocks, are not continuous, but form chains of little lakes separated 
by sandy isthmuses. Although these channels run nearly parallel to each other, 
yet thev have a somewhat fan-like arrangement, their centre of radiation being 
the higgler part of the isthmus which separates the slope of the Caspian from that 
of the N.E. portion of the Black Sea. It is difficult to see how these channels can 
liave been foniied, except by the furrowing of the soft soil during the rapid 
sinking of the level of the Caspifm w^ater, as happens on the muddy banks of a 
reservoir in which the water is Doing rapidly lowered by the opening of a sluice- 

Now since, in the area of the Caspian as at present limited, an equilibrium has 
been establisht'd between the quantity of water lost by evaporation and that 
returned to it by rain and liwrs (for there is no reason to believe that any con- 
tinuous change of level is note going on), we can arrive at a better idea of what 
the amount of such evaporation really is, from what is needed to make it good, 
than we have any other means of forming. The \"olga is, next to the Danube, the 
largest European river, and its drainage-area is enormous ; the Ural is a consider- 
able river, probably not bringing down much less water than the Don j whilst the 
Kur and the Araxes, which drain a large part of Transcaucasia, cannot together be 
much inferior to the Dnieper ; and yet the whole mass of water brought down by 
these four rivers serves only to keep the present level of the Caspian from being 
further lowered by evaporation. 


On the Equatorial Lahes of Africa, By Signor Guido Coka. 


On a Portahle Glole, and on some Majys of the World, By G. H. Daewin. 


On the JScientiJic Voyage of the ‘ Challenger,^ 

By Captain J. E. Davis, ll,N,y F,E,G.8, 

Captain Davis having briefly described the circumstances that led to the 
Government undertaking to send the ^Challenger’ on a voyage of scientific 
discovery round the world, and also the ship herself and her fitting for the 
voyage, which, he said, were most perfect in every particular, he proceeded 
The ‘ Challenger ' sailed from Portsmouth on the 21st of December, and on W 
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passage down Channel and across the Bay of Biscay encountered the weather 
usually met with at that season of the year. 

The first deep sounding, in 1125 fathoms off, hut to the southward of, Cape 
Finisterre, was not very successful. The second trial proved more successful, and 
some bright-coloured starfishes and other animals were brought to light. Another 
attempt at dredging was made in nearly 2000 fathoms, but whether it fouled the 
Gibraltar and Lisbon cable or a rock it mattered little, for after trying seven hours 
to extricate it, the rope broke and the dredge was lost. The ^ Challenger ’ reached 
Lisbon on the 3rd oi January. 

On leaving Lisbon the ‘Challenger’ sounded in the vicinity of two rocks of 
370 and 423 fathoms, and obtained 1270 fathoms near them and 1380 fathoms 
between them; and although the presumption is that they do not exist, still, 
from what I shall have to remark as I go on, it would be almost presumption 
to assert it; and an instance occurred the next day to bear me out in this, 
as in dredging off Cape St. Vincent, where the dredge was let down in 525 
fathoms, the ship drifted quickly into 000 fathoms, so steep was the incline. 
(Hbraltar was reached on the 18th; and on leaving it a few days after, pro- 
ceeded in a westerly direction, in order to get on the direct line between Lisbon 
and Madeira, as a telegraphic cable was to be laid between the two places. It 
will be observed that much deeper water was obtained on the way out than at the 
extremity of the line. In 10^ west longitudes 2500 fathoms were obtained, while 
60 or 70 miles west of it only 1500, with still shoaler water outside. 

The ‘Challenger ’ reached Madeira on the 3rd of February', and Terieriffe on the 5th. 
Leaving Teneriffe for Sombrero Island on the 14th, a course was shaped to the south- 
east, and when 57 miles from the peak, 1890 fathoms were obtained. The weather 
being fine, the opportunity was a good one for trying Mr. Siemens's ingenious 
differential resistance-coil. It was tested in comparison with the Miller thermo- 
meter at 100, 200, 500, 700, 800, and 1000 fathoms respectively ; the difference at 
100 fathoms was 2'^ minus in the Siemens, which gradually changed to 2^^ plus at 
1000 fathoms. With any motion in the ship the dilliculty in reading oft’ a delicate 
galvanometer appears to be an insurmountable objection to this otherwise valuable 
instrument, and in the absence of regular themiometers could not be depended on. 

The serial observations of the temperature of the ocean at various depths were now 
commenced. Captain Davis here described the modus operandi of obtaining these 
observations, and then proceeded as follows : — As might be expected in the vicinity 
of volcanic islands, there were great inequalities in the bottom, and 50 miles out- 
side, a depth of 1945 fathoms, 1225 were obtained, and near that, to the southward, 
2220, showing some steep acclivities and depressions. The bottom specimens 
brought up coincided with the soundings ; from the shallower sounding, stones, 
sand, and shells were obtained ; whilst from the deeper waters, Globigerina^ooziu 
The water deepened to 3150 fathoms at two fifths the distance on the section, and 
then shoaled to 1900 at three fifths the distance, deepening again gradually to iXKX) 
fathoms 300 miles from Sombrero. Thus there appears to be two deep basins or 
valleys with a rise between them, and agreeing in contour with a few soundings 
obtained more to the southward. The section from Cape Verdes to Bahia will be 
most interesting in connexion with this part of the voyage and the two deeps 
ound. 

Another point of observation in this line of soundings is in the nature of the 
bottom. In all the soundings exceeding about 2700 fathoms, the bottom is red 
clay, while in the shoaler water of the bank between it is ooze. The ‘ Challenger ’ 
anchored at St. Thomas on the IGth of March and sailed again on the 24th for 
Bermuda, first taking some soundings and dredging in the immediate vicinity of 
the islands, and then stretching away to the northward towards Bermuda. 

On the 2Gth, when only 80 miles from the land, a sounding was taken of the 
greatest known depth in the world, viz. 3875 fathoms — nearly 4-^ miles. Not ima- 
gining that so near the islands so great depth of water could be found, only 3 cwt. of* 
sinkers were used with the hydra machine ; two thermometers and a water-bottle 
were attached to the line : the line was 1** 12*" running out, the last 100 fathoms 
taking 3*" 18*. The small dredge was let down and this extraordinary depth 
.dredged with 6 miles of rope ; the dredge on coming up brought a small quantity 
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of mud, but with little sign of animal life. The thermometers were both broken by 
the enormous pressure, the press irre at that depth being equal to about 704 atmo- 
spheres, or 10,600 lbs. to the square inch. (The thermometers so broken were 
exhibited at the Section.) 

From this deep sounding the water shoaled KXX) fathoms at a distance of 110 
miles, and then continued without any great alteration until close to Bermuda, at 
which place the ^ Challenger ^ arrived on the 4th of April. 

The several deep soundings taken round Bermuda prove it to be a peak on which 
the coral animals have built the islands ; and from the fact of there being con- 
siderable magnetic disturbance at different stations on the island, it may be inferred 
that, unlike the coral formations of the Pacific, there has been no subsidence of the 
mountain. There are two or three other peaks similar to that of Bermuda — for 
instance, the Sainthill and Milne banks, one with 100 fathoms, the other with 
80 fathoms on it. These are well authenticated soundings ; and had the peaks 
been a few fathoms nearer the surface, doubtless we should have had two islands 
similar to Bermuda. 

The ^ Challenger ’ left Bermuda on the morning of the 21 st April. Proceeding 
to the north-west towards New York, the deepest water, 2800 fathoms, was found 
about midway between Bermuda and the southern edge of the Gulf-stream. Soon 
after noon on the 30th the southern edge was crossed, the temperature of the 
surface-water changing suddenly from 05° to 72°. 

Great exertions were made to obtain a sounding in tlie strength of the Gulf-stream, 
but the strength of the current prevented its accomplishment ; but conclusions were 
drawn from the observations made, that at this section of the Gulf-stream it is 
57 miles wide and 100 fathoms deep, that the rapid part of the current did not 
exceed a breadth of 15 miles, and that the rate of the current is to 4 miles an 
hour, and that the temperature of this belt of rapid current exceeded by 3° tbe 
other parts of the stream. * 

On the return vovage from Halifax to Bermuda Captain Nares sounded close 
to the position of tlie Hope Bank, on which there is said to be 49 fathoms, but 
he found no indications of its existence. 

On the voyage across the ocean from Bermuda to the Azores there is not much 
to comment on. The water suddenly deepened to 2360 fathoms at a distance of 
60 miles from Bermuda ; and the deepest water on the section was 2875 fathoms, 
being one third the divStance from Bermuda, and then shoaled gradually towards 
Ftn’^al. 

The ^Challenger’ reached Fayal on the 9fch of J uly, and then went to St. Michael’s, 
from which place she went directly to Cape- Verde Islands, and arrived at St, 
Vincent on the 27th of July. 


On Trdd^-roufps tlxrovgli Mongolia and Zxiogaria. By Nkt Elias. 


Three Visits to New Gkiinea, By the Rev. W. Wyatt Gill, B,A. 

My first visit was in October 1872, when I landed on Tauan, a lofty island sepa- 
rated from the mainland of New Guinea by a strait 4 miles wide. Near to Tauan, 
and formerly considered to be a part of it, is the low, fruitful, unhealthy island of 
Saibai, 10 miles in length. The interior of Saibai is a vast morass, with myriads 
of snipes, curlews, &c. The inhabitants are a fine Negrillo ^:ace, very suspicious of 
strangers. On both this and the adjacent island the houses of chiefs and warriors 
are ornamented with strings of skulls of New-Guinea Bushmen. In the principal 
village of Saibai stands a lofty cocoa-palm, with two branches growing out of the 
parent stem at the same point. 

A few days afterwards we steamed on to Katau, a village on the south-western 
coast of New Guinea. The coast was covered with stately melancholy mangroves, 
very unlike the scrub hearing the same name in Queensland. A conical hifl some 
miles inland alone relieved the monotony of the scene. The navigation of this 
unsurveyed coast is most critical, owing to the presence of coral-reefs and sunken 
1873. 12 
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rocks. The dwellings composing the village of Katau are but few in number, but 
of immense length. They are built on piles, with end verandahs, and thatched 
with the leaves of the sago-palm. In one village we entered a dwelling with 
sleeping accommodation for upwards of sixty couples ! Tobacco is largely culti- 
vated. The pipe was inches in length, consisting of a piece of bamboo with a 
movable bowl. The fumes are inhaled. Our interpreters seemed a good reception 
for us wherever we went. 

A second or eastern mouth of the Katau river was discovered as we pressed on 
to the village of Torotoram, which is larger than the villa^t* wo had left. To get 
to it we had to wade more than half a mile over a bank of fine black sand. On 
our arrival we found that the entire population liad tied into tlie bush with all 
their valuables, excepting four or ti\o men, wlio stood douht fully in front of a house 
watching the movements of the strangers. As .soon, howevm*, as it became evident 
to these scouts that no hostility was intended, the wiiole niah^ ])opulation returned. 
Not a woman, a child, or a decrepit man was seen during our \isit. 

This part of New Oiiinea, from the western limits of the Katau district to Bris- 
towe Island, is called Mauat by the nativt‘s ami by tlu' Tori(‘S-Strait Islanders. 
Opposite Bristowe Island is a deep navigable river, half a mile across, supposed to 
be a branch of the Fly. Tlie aborigines of this part of New ( Juinea call their great 
island Daiului. Torres-Strait IslaiuhTs corrujU this into Ihn/dt. Australia is 
known as Great Daudai, New (Tuim‘a as Liftle Daudai. Although upwards of 
seven weeks were spent in New Ouinea waters, never once did we hear this famous 
island caUed Papua.” 

Two small rivers empty themselves into the Straits opposite to two islets not 
marked on any chart. 

A second visit was paid to Mauat about a week afterwaixB. The .same feeling 
of cordiality prevailed as at the tirst. One of our party walked into the bush for 
two miles amongst luxuriant plantations of banana.^ ami taro. The country was a 
dead level, the soil of the richest description. The bread-fruit-tree grow.s luxu- 
riantly. Kangaroos, a peculiar >peci*‘S of hog ( pajatr/rsis), dingo.s, opossums, 
and cassowaries abound. At tir.-'t sight we n)i}Uo«)k several highly polislied leg- 
bones of the ‘^SamiF’ (cas.sowary), u.sed for husking cucoa-nuts, for human bones. 

Some miles to the we.st of Mauat lii's Baigo, or Talbot I>land. The inhabitants 
of the mainland near Baigo are numerous, but by no means to be trusted. 

On the 19lh of November, 1872, we .started from M(‘r for the eastern peninsula 
of New Guinea. We sailed througdi Flinder’s Passage into the opcm (Bilf of 
Papua, thus leaving awhile the most extensive coral -ref*f in the world, inside of 
which we had been sailing for two montlis. Two days afterwards wo siglited the 
lofty mountain-range which forms the l)ackbone of tlie jieninsula, atfording a 
striding contrast to the low south-western coast. A gi'eat numbiT of palms were 
seen drifting wdth the current, the stems and fronds covered with sea-birds. The 
appearance of Yule Island wa.s very park-like, clear griis.sy spots alteniating with 
picture.sque clumps of trees. The island is 4 miles in length, and of considerable 
neight. Early on the following morning we anchored in Jiedscar Bay, close to the 
islet of Varivara (the Parivara of the charts). 

The inhabitants of the little hamlet of Kido were timid, but wry pacifically 
inclined. On the following day we discovered the river and village of Manumanu. 
The village consists of ninety-four houses, with a population of about 1000. The 
houses are two-storied, and are all built on high stakes. The women are exqui- 
sitely tattooed, but the men not so extensively. The complexion of these people is 
nearly the same as that of the Samoans and Rarotongans, but in stature and 
physical strength they are much inferior. Many words are identical in all three 
dialects, proving them to be essentially one. It is impo.ssible for any one who has 
seen these pleasant, gentle, light-skinned natives of Manumanu to doubt that they 
are of Malay origin. 

Manumanu river (erroneously called the ^^Towtoii” in the charts) is over a 
mile across at its mouth in the driest month of the year. We ascended the river 
to a distance of 7 miles, but found the country everywhere to be an immense 
swamp. Just beyond is the first interior native village, named Koitapu. 

A most interesting fact is now for the first time ascertained, viz. that Manumanu 
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IS the last vUlaffe on the coast inhabited hy the light-coloured or Malay race ; so that 
from Maniimanu river westwards the Negrillo race alone flourish, the Malays in- 
habiting the whole of the eastern peninsula of New Guinea. 


Notes of recent Travel in Persia. By Colonel Sir Frederic Goldsmid, K.SJ. 

The paper commenced with a review of Persia at the present day, according to 
geographical limits, as compared Avith Persia of the past, arguing that it may be 
said to comprise now quite as much settled and consolidated territory as at any 
piiriod of its political existence of which we can speak with the authority’ of 
intimate acquaintance. If she has less extent of land than before her latest disas- 
trous war with Russia, there is, at least within her recognized limits, less rebellion 
and more allegiance. Allusion was made to the A urious Avorks of reference on the 
country, from those of Tavernier and Chardin up to the existing time ; and it was 
asserted that to the nineteenth century we were indebted for the most important 
additions to our knowledges of the geography and people of this part of Central 
Asia. As regards the diplomatic relations between Persia and the European states, 
there Avas practically none of these luid more to do with her than England. We 
no longer sent our commissioned officers to teach her the art of war, but we had 
for nearly ten years supplied her with commissioned and non-commissioned officers 
of engineers to direct and maintain her lines of telegraph. By Convention of No- 
vember l80o, this number Avas raised to fifty. Since that period the number was 
increased. In the very recent Convimtion no specification of numbers of employes 
is made at all ; and a plain straightforward agreement for maintaining and working 
the line has been accepted on both sides for a further term exceeding twenty years. 

The routes more particularly described Avere those traversed by the writer from 
Resht to Tehran, from Bushahr to Tehran, and from INIash-had to Tehran. The 
first might be stated generally as one fourth low forest, one fourth mountainous, 
and one half a tolerably levef plain. To KazAun the scenery is very varied ; but 
the latter town, although it has a telegraph-office and post-house, and is interesting 
in its history and remains, as an abode of civilized life is orderlcss and metliodless. 
From Bushahr to Tehran, the first section of the road, or 170 miles, commences 
with a low marshy coast, and rises to a height above 7000 feet among noble 
mountains, ending at a lower but still respectable elevation at Shiraz. The second 
section is of 205 miles, to Ispahan, and is interesting from the ruins of Persepolis 
and other monuments of antiquity, as w'ell as mountain scenery and the presence of 

Iliats ” or wandering tribes. The third and last section of 250 miles, to Tehran, 
has for its attractions the charming mountain-station of Kohrud and the cities of 
Kashan and Kum ; but between Kura and Tehran is a desert not inaptly termed 
that of the Angel of Death,” so utterly blank and desolate does it appear. From 
Mashhad to Tehran there are here and there pleasant or interesting halts ; but the 
greater part of the 540 miles is monotonous, and some 00 to 100 miles are infested 
by the Turkman hordes. 

Some account was also given of the cities of Tehran, Ispahan, Mashhad, and 
Kazvin, and the following extracts may have interest as conveying recent and 
original impressions : — » 

I should not say that life in Persia was generally suited to Europeans ; but it 
promises, at least, to be more so as intercourse progresses, for the drawbacks are 
rather social than physical or external. In the north, except for two or three 
summer months, the climate is agreeable enough, and even at the hottest time it is 
seldom that the nights are oppressiA^e. To those who come from India direct, or 
to whom Indian heat is habitual, the change is most delightful. There are days in 
autumn, winter, and spring which leave the impression oi unequalled temperature ; 
and the blue sky, with its tempering haze, as it were a veil of reflected snow 
gathered from the higher peaks or ridges of continuous mountain-chains, is too 
exquisite a picture to be readily forgotten. In the late spring Fashion moves out a 
few miles from Tehran to the cooler residences near the mountains, returning in 
the late autumn to the precincts of the capital. These, it may be noted, have been 
considerably extended of late years, and are designed for yet further extension. . . , 

12 * 
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Persian houses are not comfortable, in the English sense. Although the cha- 
racter of native Persian domestic relations involves separate suites of rooms, there 
is no privacy in any department ; for the women ^s part is as much frequented by 
women and children as the men’s by the ruder sex of all ages and classes. Servants, 
unless kept away by order (a dangerous process with the idler ones), are apt to be 
ubiquitous, and turn up at all houra of the day about the house, noisily bickering, 
listlessly squatting, or moving with silent solemnity. Visitors used to give notice 
of coming, but are gradually and tacitly abrogating the practice ; and natives and 
Europeans will soon, it is presumed, call upon each other in Persia with as little 
ceremony as elsewhere. Nor is it unlikely that the habit of bringing tea, coffee, 
and pipes to every visitor will also fall into disuse. The old orthodox custom of a 
threefold supply is, to say the least, inconvenient ; for strict fulfilment of a dozen 
visits would necessitate the absorption of thirty-six cups of wann liquid and thirty- 
six * sets ’ of tobacco iuhalations.’^ 

The paper, moreover, contained many particulars and some statistics of tln^ late 
disastrous famine, gathered during the last two of the three journeys above 
mentioned. 


On a Visit to Ko7i--KJwdja, By ^lajor Berrsford Lovett. 


On Assam f and an Overland Communication with China*. 

By J. M‘Cosn, M.D.y late Jl.M. Bengal Army. 

The subject of this paper is an overland communication between India and 
China, between Assam and Yunan, lx‘tween a navigable branch of the Brahma- 
pootra and the Yang-tsi-kiang, between the two most populous empires in the 
world — the one numbering 2(X),000,(X)0 inhabitants, the otner ^J(X),(X)0,(XX). The 
author spent the eaalv part of his ser^ ice in India, in Assam ; and wrote its topo- 
graphy, a book published by order of Government. After giving a bird’s-eye 
view of Assam and its surroundings, its people and climate, of the discovoiy" of tea 
in the province, and the rise and fall of its tea-plantations from want of labourers, 
he proposes a route direct across from the Branmapootra through Munnipoor and 
Upper Burmah to Bhamo, and thence on through Momien and Talifoo to the 
Yang-tsi-kiang. Such a road, even a footpath, if protected by the Chinese, the 
Burmese, and the Indian Governments, would afibrd a ready outlet to the surplus 
population of China, and be the means of restoring prosperity to the bankrupt tea- 
plantations. Moreover, he expresses a hope that at no distant day the North- 
eastern Bailway of Bengal shall be extended across from the Brahmapootra to the 
Yang-tsi-kiang in the same direction, when the immense trade of the Indus, the 
Ganges, and tlie Brahmapootra, the Ningtee, the Irrawaddy, and the Yang-tsi- 
kiang, shall be hoisted on trucks, and rolled from East to West and from West to 
East in one grand tide, and that the British mercliants shall fill their pitchers from 
the stream, and deal out its bounty to the people of the land. 


On Recent Arctic Bvplorations. By Clements 11. Mahkiiim, C.B. 


On Discoveries at the Eastern End of New Guinea. 
By Captain J. Moresby, B.N. 


On Russian Accoumis of Khiva and Turcomania. By E. Delmar Morgan. 


On a Journey from Psking to Han-how. By E. L. Oxenuam. 


* The original has been printed in extenso by order of the Secretary of State for India. 
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Oti the Distribution of Coal in China. By Bargn von Kicuthofen. 


Survey for a Teleyraph-line between Berber and Souakim. 
By Captain IIokeby, ll.E. 


On Trade-routes in Persia. By Major St. John, 


On the Livinystone East-Coast Aid Expedition. By Major Evan Smith. 


A few Notes on the Trade of the East- African Coast. 
By Major Evan Smith. 


T'he Gorges and llapids of the Upper Yangtsze. 

By J. Thomson, F.ILG.S. 

Mr. Thomson ascended the Yangtsze in the beginning of 1872, having for his 
companions two gentlemen, Captains of steamers in the China trade. The party 
left I-Chang (a city on the left t3auk of the river, about 1100 English miles above 
Shanghai) on the 7th of February. They engaged a native boat with a crew of 
twenty-four men, and proceeded to ascend through the gorges of the Upper 
Yangtsze. The river was at its lowest, and in the I-Chang gorge (which is entered 
fourteen miles above the city) the great river was left, in many places, with a 
waterway of only 100 yards wide between gigantic walls of rock. Mr. Thomson 
next proceeded to describe the appearance of the I-Chang, Lupan, Mitan, and 
Wushau gorges, and the dilhculties and dangers to be encountered in the future 
steam-navigation of this section of the Upper Yangtsze, where there are many 
rapids interspersed with jagged rocks, on which the native trading-boats are 
frequently worked. The most formidable rapid was below the village of Isingtan, 
at the mouth of the Mitan gorge, where it was customary with the Chinese triers, 
before making the asc^ent, to unload their boats and have the cargo carried overland 
to the top of the rapid. The grandeur of the mountain- and river-scenery at this 
part of the journey was minutely described, as well as the appearance presented by 
the rapid. Idle author was here aided by the valuable accessoiy of a large photo- 
graph, which he had taktui on the spot. This and other pictures were obtained at 
some personal risk, as Mr. Thomson was stoned and otherwise treated as a very 
rare and dangerous type of Yang-quitsz ” (foreign devil), who had come among 
them witli his picture-taking instrument to extract the secrets out of heaven ana 
earth. F ond mothers seized their children and carried them away, as it was popu- 
larly believed that the solutions used in taking the photographs were made out of 
tlie tender eyes of Chinese children. In the open spaces between the gorges the 
temperature was found to be several degrees lower than in the mountain- cl efts 
which form the gorges. The rapid of Isingtan was running about nine knots, “and 
yet the Chinese traders find no obstacle in this, or indeed in any of the other 
rapids of the Yangtsze, to the carrying on of a lucrative trade with large-sized 
cargo-boats.” These boats, and their appliances for warding off danger, were badly 
constructed. Mr. Thomson argues that if the Chinese can do all this, we, with 
science, suitable steamers, and pluck, can do more. “ Let the river be opened, and 
its successful steam-navigation will follow.^' 

Some interesting details were furnished regarding the working of coal-mines in 
the province of Hupeh. Several mines were visited ; and Mr. Thomson succeeded 
in taking a series of photographs of Chinese coal-mining The paper concluded 
with an account of the ascent of the Wushan gorge. 
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ECONOMIC SCIENCE AND STATISTICS. 

Address hy the Right Hon. W. E. Forster, M.1\, President of the Section. 

[Spoken on Monday, September 22nd.] 

Yoxjb Council have asked me to take the responsible and honourable position of 
being the President of one of your Sections. I am quite sure that that honour 
cannot have been conferred upon me owing to any^ special fitness on my part, but 
rather from two facts — the one that I do happen to nave taken an interest in the 
questions that have come before this Section for many years, and the other that 1 
am a Bradford townsman and a Bradford JMember. *As a Bradford man I was so 
glad to do what I could to welcome tlie Association, tliat I felt I could not refuse 
ot try to perform any duty that was imposed upon me ; but 1 must acknowledge 
that in attempting to do so I have found special grounds of unfitness. The fact is 
that my time and thoughts are so occupied ^^^th other pressing matters that I 
really have not been able to prepare this address with that care and thought, or to 
bestow that pains in expressing what I huA e to say, that I know is due to so 
distinguished an audience. I merely make this remark (for I do not want to take 
up your time by apologies) to explain why I have not followed the usual course 
and brought forward a prepared written address, and why I have thus been obliged 
to ask you to let me make a speech instead of reading a paper. 1 do not deny that 
the accident of my being connected with the Government does not specially tit me 
for this duty. In this Section we deal, and we must deal, Avith politics. Under 
our title, that of Economic Science and Statistics, there is hardly any question of 
political discussion, hardly any immediate question of pressing legislation, which 
may not be brought within its deliberations. And that has been proved by you ; 
for if you look at j our OAsm * Journal ' you will see that such political qiu'stions 
(pressing questions, and I may say burning questions) hav«‘ been successively 
brought before you, as the question of tin? income tax, the amalgamation of rail- 
ways, education (of which last I am not unconscious of the dilliculties), and many 
other matters that excite great interest and might be made use of, but I am quite 
sure they will not at this Association be made u>e of, for party puiqioses. But it 
certainly, as a general rule, does not become any man Avho happens to have the 
honour of being a member of the Ministry to make suggestions Avith regard to 
political measures, unleas he is prepartni to bring them forAvard, and press them 
upon the responsibility of Government. It rather beconu'S such memners of the 
Ministry to hear suggestions, to listen to them, and carefully consider them. A 
man who is a member of the Cabinet must also recollect that he must consider his 
colleagues, and mitst be very careful to say nothing that will commit them. 
However, care in these matters may be pushed too far ; and as I am here now all I 
can do is to ask you to forget, as I have tried to do, that I am connect(^d with the 
Government, and to remember that in what 1 now say I commit no one but myself. 
I think this question will occur to many of you, as it did to me — Why, in this 
Association, do aa'c deal with politics ? What business have avo to have such a 
Section as this H why should AA^e discuss political matters ? what has the discussion 
of politics to do witn the meetings of a scientitic congress ? There is an immediate 
answer to this question ; and that is, that after all there is a science in politics. If 
the political theorist — and I do not use the word as a Avord of reproach — but if ihe 
political thinker misconceives or misstates or mistakes his facts or his statistics, he 
as surely fails in evolving any thought of value as does the student of physical 
science who generalizes from a partial or imperfect series of experiments. In like 
manner, if the practical politician, in attempting to apply the principles of economic 
science, breaks the laws of that science (for instance, the laws of political economy), 
the result will be that he will pay the penalty in the failure of his political 
measures, as certainly as does the practical mechanic or chemist who ignores the 
laws of chemistry or those regulating the application of mechanical forces. But it 
may be said that although this is true, such is the immense range which our Section 
would extend over, that there would be a danger in its taking up too much 6f our 
attention, and that these subjects had better be left to the kindred Association 
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which was started as the great development of our Section — the Social Science 
Association, of which my noble friend Lord Houghton will be chairman on an 
early day. But I do not think there is any danger of our monopolizing too much 
attention. After all, a very large number of members of our Association are those 
who act with great knowledge and interest in physical science, and who with great 
power give information and show anxiety to hear what their fellow members have 
to tell them. But I should be sorry to see this Section omitted from our pro- 
gramme. I think there is great advantage in bringing together men of science and 
politicians. Perhaps one result of this may be that we shall obtain higher scientific 
culture. I wish that this may be the case. 0\er and over again in the work I 
have felt it my duty to try to do, I have lamented my own scientific ignorance. 1 
have felt, and I have no doubt others who have attempted it have also felt, that we 
could act more successfully if we knew more of the laws of nature. There is hardly 
any fact in human intercourse, hardly any influence which a man can bring to bear 
on his fellow men that might not be explained, illustrated, and enforced by some 
analogy of outward nature — that has not, as it were, its counterpart in the workings 
of nature, in the eyes of the man Avho is fortunate enough to have some real know- 
ledge of both men and things. Again, there is undoubtedly an advantage in sub- 
jecting political questions to the conditions of scientific debate. It is well that they 
should sometimes be treated and debated in that temper and with that simple desire 
for the discovery of truth which ought to characterize all scientific discussion. 
Then, again, as ngards this special ^Section there is an ad\'antage in the political 
theorists or thinlon's being brought into contact with the practical politicians ; for 
when they come together I think the theorist would peinaps learn to appreciate 
and estimate more faiilv than he sonndimes does the immense friction, if 1 may use 
the term, with which the practical politician has to deal, and which he finds to 
clog and interfere with his elibris. It is not sufiicient to enounce and explain the 
laws of economic science. In outward nature you have to deal with dead facts. 
In economic science, aflecting tlio political and social condition of men, you have 
to deal \\itli peisons who have free w'ill and the power of exercising it and of 
refusing to obey the laws which you explain ; and we none of ns can forget that we 
have to contend with and to talce account of the likes and dislikes of men, and the 
passions and even the prejudices of men, and that it is not enough for a State to 
declare the laws of economic science — of political economy, for example. We 
must not forget that many men will not obey these laws, howevtr clearly we may 
explain them and point out the ptmalty of their transgression. Sometimes they 
disbelieve in the penalty ; often they ignore it ; and not seldom, knowing its exis- 
tence, they prefer to incur it. e must take into account the existence of this 
friction, and we must be prepared for this result — a very disappointing result, and 
a result of which I am sure experimental philosophers would greatlv complain if 
they were beset wdth it in physical science ; and that is, that though just in pro- 
portion as in any political measure the laws of economic science are broken, there 
will be weakness, and probably failure in that political measure, it by no means 
follows that just in proportion as the law is kept and adhered to there will be 
success. It is not s('ldom the case that by its very truthfulness a measure excites 
so much opporition that it ensures its own defeat. Well, that is a reason which 
thinkers ought to b('ar in mind when they sometimes accuse political men of 
dolaxing to bring forward measures of which they are convinced. It is a ground, 
and a reasonable and proper ground, very often for the postponement of a political 
measure based upon true priiitlples Those who are most in favour of such a 
measure and most advocate it, leel that they are doing it harm by prematurely 
bringing it forward ; but some persons push that doctrine too far, and say that it is 
a reason and an excuse why a measure should be brought forward upon false prin- 
ciples. Now that I do not admit. I believe that nothing really is gained, though 
something may sometimes seem to be gained, by any man bringing forward a 
political measure upon principles in wlii'^'h he himself disbelieves. He may be 
quite sure that in the ditterent opinions of men, if it be at all desirable that such a 
measure should become law, there are plenty of people (if lie will simply drop 
behind and not do that of which he disapproves) who will come forward and 
advocate it who do really approve of it. 

But I must now, after ttiese prefatory remarks, go to the special work of this 
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Section. I believe it is usual for the President to refer in his address to the pro- 
gress of Economic Science for the past year. Well, I think you will hardly expect 
me to do that. If I were to I'efer to the progress of Economic Science, I should 
have to show to what extent, amongst other ways, it has been put forward or not 
in legislation ; I should have to defend the Government against charges that might 
perhaps be made of its not having been put forward. Well, I believe that you will 
reel that I should be taking a very uniair advantage of the post I occupy, and of 
the duty you have kindly imposed upon me, if I were to make this an opportunity 
of defending the Government. And, in fact, I cannot forget that one ve^ impor- 
tant branch of Economic Science would be considered to be that with which I am 
myself connected — ^that of education ; and if I were to attempt such a review it 
would necessarily partake of a much more personal character than I should desire. 
I therefore resist the temptation, although I do not deny that it is a temptation 
when I have before me such an audience as this, to \indicate the principles upon 
which, on behalf of the Government, I have acted — or, at any rate, to explain (and 
I think I should be able to explain with success) the fact that we have acted upon 
principles, and not upon motives of expediency. But, talking of a review of pro- 
gress, I should be exceedingly glad if 1 were able to make any full statement oi the 
progress which has been made in the economic condition of the English people — 
not for the last year only, for we cannot judge by such a short period, but for a 
longer time, say from the time when this Section was first formed, which 1 believe 
to be about forty years. Now what, after all, is the great object of our delibera- 
tions in this Section ? Why do we collect and test ana analyze statistics ? and why 
do we study the principles of economic science, and the mode in which those prin- 
ciples are and ought to be applied Many would reply mainly in order to promote 
the economic well-being of tlie great mass of the community. Well, 1 should be 
exceedingly glad if some member of your Association, well qualified to do so, would 
consider wlbether, at some forthcoming opportunity, a careful comparison could not 
be made as to the economic condition of the great mass of the English people at 
this time as compared with what it was forty years ago. I have not made that 
comparison, I have not had time to collect the necessary statistics ; but I think this 
statement will hardly be challenged, that (take for example the condition of the 
manual labourers of the country, which is after all the largest class of the com- 
munity, and must continue to be so) there has been progress the most hopeful for 
the future, and the most remarkable as compared with like periods in the past. 1 
do not think it will be denied that the great body of manual labourers throughout 
the country have a greater share of the comforts and enjoyments of life than they 
had forty years ago ; that they are able to obtain more of the necessaries and com- 
forts and even of some of the luxuries of life ; that their wages are higher (on 
which point I would refer you to the paper read yesterday by Professor Leone 
Levi, bearing in some measure on this matter) — not only higtier in themselves, but 
also as compared with the cost of living. There was great reason that they should 
be higher. The higher rate, too, is earned with shoiler hours, and by labour, gene- 
rally speaking — 1 won't now speak of every trade, bat genendly speaking — under 
improved conditions from those w hich existed at the former period. 

Passing from these purely material conditions, much as there is yet to do in 
education, no one will deny that there has been progress in education. No one, I 
think, will deny that there has been progress in general culture ; and, speaking 
generally, I believe there has been great progress in better and more kindly rela- 
tions between this largo and important class and other classes of the community. 
Well, now’', I should be very sorry if these remarks were misapprehended. Do not 
suppose me to think that in stating my belief that there has been progress that we 
have got to that point at which we can rest and be thankful. I should be very 
sorry to be supposed for a moment to be suggesting apathy to ourselves in our 
endeavours to improve the condition of the manual labourer, or suggesting or 
advising content to him — if by content be meant a cessation of efforts for his owm 
improvement. I believe there is much in the conditions of labour and the state of 
manual labourers throughout the country to which the word content would be by 
no means applicable. There is much for others to do for them, and still more for 
them to do for themselves. I merely mention this progress as a stimulus for the 
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future, not as any ground for rest. This is not the place or the time to dilate upon 
what labourers can do for themselves ; and all I would say on that matter is tnat 
when any of us are advised or speak against what we may think to be the besetting 
sins of the labouring class, we ought never to forget what are the besetting sins of 
our own class. We must also recollect that in the present state of civilization we 
must make a great distinction between crime and vice — remembering that crime 
and vice cannot be attacked in like manner. We must continue to punish crime, 
to bring force to bear upon it ; but as regards vice (and I include in it that great 
and terrible vice of drunkenness) I believe we shall be obliged to admit that 
the time has long passed (indeed I doubt when it ever existed) in which we can 
attack vice with success by force, or by any means but persuasion. As regards, 
however, what can be done by others, by such a Section as this, by the Legislature, 
for the condition of the manual labourers, I believe that, notwithstanding what has 
been done, very much more may be done. 

I alluded to what appears to lie, speaking generally, the improved condition of 
the labourer — that is to say, by the help of scientific discoveries man fights nature 
with loss sufteiing to himself. There are many of us who can detail the beneficent 
results of scientific discovery in one case after another. All I will say is that I 
believe these conquests over nature are but the prelude to future triumphs, and that 
I look forward to these great and beneficent results being still more apparent in the 
future than they have been in the past, from the thought and experiments of scientific 
meu — that they will enable the products of nature to be realized for the good of 
men with less sufiering to the individual worker. Take, again, the advantages of 
free trade ; and what, after all, is free trade but the simple carrying out of scientific 
laws ? It means nothing else. There was a dispute in old time as to whether the 
manual labourer would gain by free trade. No one would now raise that dispute 
for a moment. Not only English labourers have gained, but, from our having learnt 
the lesson and having adopted the principles of free trade, even the labourers of 
other countries where they have not learnt these principles have shared in the 
advantages of free tradi^, which we in these great centres of commerce have made 
our own. 1 do trust we may now see grounds for supposing that other nations are 
learning from our example ; and as their working men have gained by w^hat we have 
done, so our working men may gain by what they will do. I can hardly avoid 
making one allusion to an event of the pa.st vear — to the very encouraging support 
of free trade shown by the action of the hrench Government. To the Emperor 
Napoleon wx‘ have all been grateful for using bis power for the encouragement of 
free trade, and we have to aclmowledge his patriotism and his fidelity to knowledge, 
and to truthful political philosophy, in establishing some encouraging principles of 
free trade in France ; but w e know that they were forced upon the French people, and 
we did not know w^hat they might do wdien they had freedom. But in tnat matter 
they have had freedom to do as they thought best, but in conditions of disadvantage 
to n*ee trade. The Government (though they had a groat statesman who was not 
himself convinced upon the matter, and who had great influence) in the past year 
declared themselves decidedly in favour of free trade. 1 cannot doubt that that 
fact wdll have taken hold upon men both in the United States and elsewhere. 
But economic science does not apply merely to the interchange of commodities 
between nations, but to the intercliange of all matters of value. I think we feel 
that its principles mu.st be enforced and caiTied out both with regard to land and 
to labour. There should be nothing in law whatever which should prevent the 
most entire freedom in selling!: and buying land ; this piiiiciple can hardly be dis- 
puted, and its mere statement is almost sufficient to encourage us in the reforms that 
will be necessary to cany it out. The same principle applies to labour ; there must 
be freedom to sell it and freedom to buy it. Then, again, I stppose sanitaty im- 
provements must be considered to come wdthin the range of our Section. Well, 
there is much, ve^ much, to do in that matter. I think our aims in this direction 
are higher (and I take comfort from the fact) than they used to be. We are 
aiming not only at preventing death, but at making life better worth living, by 
making it more healthy ; and we no longer forget that infighting our battle against 
disease it is not those only who are killed that are to be considered, but algo 
the wounded. In the terrible inflictions of preventible disease throughout the 
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countiy the loss of life is very sad ; but even more sorrowful, to my mind, are the 
numbers of our fellow creatures (fellow countrymen and women) who are doomed 
to struggle and fight the battle of life under the most severe conditions because of 
the wounds they have received from preventible diseases. And on a matter like 
this you will at once see the advantages of this Section. It is most desirable that 
aU those projects for sanitary improvement which are proposed by political thinkers 
or by practical politicians shoula be at once tested by scientific laws, and by men 
who are accustomed to make these laws their special subject. I will not say any 
thing more about my own particular Section ; I would merely refer to what I 
ventured to say after the able address of your President on Wednesday evening. 
I Avould, however, refer to the discussion yesterday on the papers read bv my 
friends Mr. Morris and Professor Leone Leviwdth reference to our expecting in the 
increased well-being of the community a greater diminution in the pauperism of 
the country than we yet see. I believe there is a diminution, and i am hopeful 
that it will be shown to a greater extent in a sliort period. Jhit I am rather 
anxious (I may be thought by some rather heretical in wdiat 1 am going to say) 
that in our objection to the evils that accompany a poor law we should not cany 
that objection to the extent of imagining that we could do without any poor law. 
The objections to the poor law lie upon the surface. I fear it is true that it does 
encourage a want of thrift, and to some extent does deaden or weaken and make 
less likely the performance of domestic duties. And tlnu’e ought to be verv great 
reason for the poor law if it be possible to make this charge. 1 think there is great 
reason. I do not believe that in the present state of ci\ilization it is safe or right 
not to acknowledge the principle of the poor law — namely, that a man shall have a 
right to live, and that absolute destitution shall be pre^entt;d. Very few of us are 
aware of the advantage that the acknowledgment of this principle lias been to us. 
In comparing our social struggles (our political convulsions) in lOngland with those 
of the Contment, I believe that the one great reason why we ha\e got through 
them wdth comparative safety, and have had reform instead of revolution, has been 
that the large body of our people have knowni that this right is aclaiowledged — 
the right to live. 

Going back to the progress to which I have refemnl, we must hear in mind two 
facts. Those of you who have studied political economy and are familiar with the 
writers on that subject of twenty, thirty, and forty years ago, will remember that 
they almost all supposed that there would be no great improvement without an 
increase in the population, or at any rate without a great decrease in its in- 
crease, if I may so put it. Mr. Malthus, Mr. Mill, and many other most able and 
excellent political economists, advocated very strongly what thev called a pru- 
dential check on population as the only means, or the most proLable mean.s, of 
making progi*ess in prosperity. Well, but our progre.ss has been made without this 
check and in spite of the great increase in population. I am a bad statistician, but 
I believe the increase during the last forty years has been greater than in almost 
any other preiious term of forty years. The increase in the population of England 
and Wales, in round numbers, lias been from sixteen and a half millions in 18^1 to 
twenty-one and a half million.s in 1871, and yet the nopulalion is more prosperous. 
Again, if there has been great progress on the whoh* in the wi ll-being of the 
labourer, there has also been progrtss in the w^eli-bfdng of the capitalist. 1 am not 
going to speak of the special profit‘d of special trades, hut I believe it would be easy 
to prove that the increa.se of capital in this country has been much more than has 
kept pace with the increase of population. Well, if both classes, capitalists and 
labourers, have on the whole bettered their condition, I am not at all surprised to 
find that there is, as I believe, a better feeling between the iwo. I hope my friend 
Mr. Morris, if he is^iere, will let me make some allusion to his able paper of yester- 
day. I do not agree with all his views ; but I wish to treat them in the same 
spirit with which he treated the views of others — a spirit of fairness and willing- 
ness to appreciate what could be said on the other side. I am aware it is by no 
means a rare feeling, but a very common feeling at this time, thfit the disputes 
between labour and capital are more dangerous and more fierce than they were at 
former periods. I must demur to this statement, I think it may be true that 
these disputes are sometimes carried on upon a larger scale than formerly, because 
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the number of labourers is greater now, and the power of communication is much 
easier ; but what I venture to say is this, that these disputes are conducted with 
much less fierceness and acrimony than in former times. I also believe that 
they, generally speaking, do not last so long. For instance, there are some 
Bradford men, I suppose, who can remember the fierce struggle there was against 
the introduction of machinery into Bradford — the violent fights that there were at 
that time, though it would be almost impossible to have any thing of that kind in 
Bradford now. Again, I can recollect almost as a boy I was learning a manufac- 
turing business at rsorwuch, and there w^as a dispute, and the masters had to walk 
through the town looking with suspicion at almost everybody that was coming 
near them for fear of having vitriol thrown into their eyes. That, again, is a state 
of things that has long passed aw^ay. Again, take the Preston strike of twenty 
years ago, which I studied somewhat keenly. That was a struggle that lasted longer 
than almost any dispute of modern times ; and I must add my conviction that there 
is not now that foolish struggle against the laws of science that there was in former 
times. 

Well, then, as I demur to my friend Mr. Morris’s statement, he will not be sur- 
prised if I say that I demur to the remedy he proposed at the close of his paper. 
1 think he overrates the evil j but whether he does so or not, his remedy (a league 
of capitalii^ts and capital throughout the country) is one which I should be most 
grieved to see any attempt to apply. AVhatever individual labourers may advise 
their fellows, I believe that in this country, where the interests of the labouring 
men are so varied, however it may be advised, a league of labour against capital is 
impossible. There may be talk about it at meetings, and there may be talk about 
it in the newspapers, but I do not belle's e in its possibility, though, if anything 
could make it possible, it would be a league of capitalists against labourers. 1 
think we shall agree that two such opposing leagues -w^ould be one of the greatest 
calamities from which the coimtry could sutler. I should tremble at the thought 
of our industry being divided into hostile forces, and all the industrial workers of 
England being distributed into opposing camps. Some persons would say it is 
impossible, because the capitalists and labourers would be so unequally matched in 
power — tliut now you hai e given votes to the labourers, their numbers and the 
power of their votes would make them so much stronger than the capitalists. 
Now, I cannot take that ground myself. I think if the two parties were unwise 
enough to band thtmiselves in opposition (a thing which I believe they never will 
do) they would not be so unequally matched. 1 believe that money will always 
buy men, and capital always find support amongst labourers. I believe they would 
not be unmatched in power; and although I know very well that my friend and 
others only mention such a remedy for extreme occasions, and would advocate it 
on the fairest principles, 1 believe tliat if the contest once took place it would be 
conducted with equal recklessness on both sides. Under these circumstances I 
take some additional comfort from one political measure with which I have had 
something to do. If there was any thing like such a struggle between classes 
throughout the country, there would be such a disposition on the side of each 
party to clutch the power of the law, and to aim at legislative measures as 
cannot but make me feel glad that the Government of which I am a member 
have done something towards bridling the power of the leaders on each side by 
giving to the voters the protection of the ballot. And this brings me to one re- 
mark which perhaps you will allow me to make, and it is this : that, putting aside 
the possibility of these opposing leagues (and I dismiss them from my mind), I 
thinlt that on both sides (those who advocate the rights of labour and those who 
advocate the protection of the rights of capital) there is a little too much anxiety 
to moke use of the law. No doubt there should be perfect freedom in selling 
labour, and that implies that there should be perfect freedom in combination. 
I believe there was no greater mistake than the attempt to prevent a man from 
agreeing with his fellow workmen as to the conditions upon which he should 
like to sell his labour. But, of course, wc should also say that there should be 
perfect freedom to refuse to combine, and that such right should be respected and 
protected. But in our effort to secure that freedom we must not try to get the 
law to do that which it cannot rightly or in fact effectually do. We can make use 
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of the law to protect the Queen's subjects against bodily harm and physical 
violence, but it is no use attempting to protect men against persuasion or oven 
against moral intimidation. They can only protect themselves. And if the law 
attempts or strives to do that it will surely fail, and probably lead those agaii^t 
whom the attempts are exercised to think that there is a desire to interfere by 
recourse to the law with their reasonable freedom. And I think, in dealing with 
this question of the law, we should not have recourse to exceptional le^slation. 
To illustrate that I may say that very few things have been done by the House of 
Commons that I so much regret as the way in which we dealt with trades unions 
at Sheffield. I think the law we passed (in order to get at information with re- 
gard to trades unions at Sheffield) to obtain an available blue book as to what had 
been done at Sheffield was one much to be regretted. We issued a Commission, 
and we stated that every man, whatever he had done, might come before that 
Commission and give evidence perfectly free from any of the consequences of the 
crime he had committed. Wnat w^as the result ? That vre had men who had 
been engaged in the plotting and planning of deliberate murder, who came forward 
and stated what they had been guilty of, and then there was the declaration of the 
law which saved them from the consequences of their crime. That did not apply 
merely to the case of King’s evidence, w'here the least guilty would be saved, and 
the more guilty punished ; but it was a paltering with the law, applying as it did to 
all who were guilty, affording as it did protection to the murderer, and that in 
order that we might acquire information on which to found exceptional legislation. 
Such a step will, I hope, never be repeated. Our real hope in this matter must be 
that which has caused what I conceive to be the progress that has been made, 
namely, the effect of public opinion and education — the slow' result of the pro- 
clamation of truth as to the relations of labour and capital. By these means alone 
w'e can hope to solve the difficulties which exist ; and I cannot but think that such a 
Section as this w'ill be a most useful aid in this important work. I may be told that 
this hope is rash when we see the extraordinary ideas wdiich are propagated in Con- 
gresses, and reported dav by day in the new.spapers. W«*1I, 1 have road with great 
interest what has been said in Geneva at both these Congresses, and I liave observed 
this encouraging fact, that hardly anv Englishmen have taken part in thein ; and 
that, w'hen they did, it was on the side of good sense, and to denounce wild and 
impracticable ideas. But this is not the first time that w'e have had these notions 
declared before us. 

My noble friend Lord Houghton and myself, in 184H, were in Paris, wdiere we 
amused and interested ourselves by trying to leani w hat w'e could of French notions 
at that time about the relations of society, especially of labour and capital ; and I am 
sure the ideas which w e now think strange wert‘ then stated with even more ex- 
travagance, and I tliink ^vith much more agreement among the general public than 
at this moment. The Commune of Paris may be quoted : but I do not think it is 
a fair illustration. Tlie Commune had its sad crimes ; of that I fear there can be no 
doubt ; but these crimes and its very existence were not so much the effect of 
French notions with regard to Communism They were rather a reaction against 
the central and severe despotism which had prevailed in France, destroying, ns it 
were, all local powers and trying to crush out local life. I believe that a vastly 
larger number of working men are admitting now wiiat we consider to be the 
fundamental facts of political economy than was formerly the case. We find they 
will now generally acknowledge that there are after all only three ways by which 
labour can be better remunerated. The first is by the increase of capital-— of the 
wages fund. The second is by the diminution of labourers, either by emigration 
or by a diminution of population, and that not simply by the diminution of labourers 
in a' special trade: that is a mistake which they still sometimes fall into; it may 
appear to relieve a trade for a time, but it only does so by driving more labourers 
into some other trade — making that trade unremiinerative or less remunerative 
to the labourer, and thus bringing him back to the trade which is more so. The 
only way in which they can hope for a remedy under the^ second head, is by a 
diminution of labourers generally. The third way in which the conditions of 
labour may be improved is that by which the labouriir may himself become a 
capitalist. Our recent progress has been made almost entirely in consequence of 
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the action of the first principle I have named, viz. by the effective industry of 
the country— the capitalist and labourer working successfully together, and thereby 
making an immense increase in the capital and in the labour fund : but I think 
that all attempts to better the conditions of labour in the third way (that of the 
labourer becoming capitalist) are most interesting, most hopeful ; and it seems to 
be a special business of such a Section as this to watch the attempts to carry out 
these experiments, and to find out year by year how far they have been successful. 

With regard to cooperation, just let me make one remark. There are two kinds 
of cooperation, and if we attempt to consider it scientifically we must not mix them 
up together. There is that fonn of cooperation in which the capitalist or em- 
ployer pays the labourer — not altogether in wages, but by ^ving him a share of 
the profits. I was very hopeful that by such means the relations in question might 
be made better ; and I am still hopeful, but perhaps not quite so much so as I was, 
because I see clearly two accompaniments of this. One is that we cannot, and 
must not, expect the labourer to take both sides of the bargain. We must not 
expect him to suffer loss, for sometimes there is loss. He cannot, if he is working 
from week to week, unless he has himself become a capitalist by saving, do with- 
out his daily and weekly wages. Therefore we have to pay him his share of the 
profits while we cannt)t make him responsible for a share of any loss. lie cannot, 
then, be said to be a sharer in the profit and loss ; he is only a sharer in the profit. 
Then, again, I think if this were gon<^rally done we should find that it would be 
merely a mode of payment, though perhaps a more satisfactory mode ; but we might 
again have disputes as to the share of the profits he ought to have. This does not 
prevent uS from watching these experiments with great care and anxiety, and with 
great hope. Then there is the other mode of cooperation, which may be called co- 
operation proper — that is to say, the co(>poration in which labour is counted as 
capital, and the labourer becomes a shareholder, and, putting in some little savings 
also, is an actual sharer in the enterprise. Allusion has been made in our discus- 
sions to the growth of this kind of cooperation in this district. We know it very 
well in Bradford, and especially in the neighbouring towns. We have seen, for 
instance, the enormous aud most satisfactorj^ success of the Bochdale Cooperative 
Store. It is more difiicult to apply this principle to production ; but I am most 
anxious to see the experiments in that direction scientifically observed. I am 
told, though I do not know whetln^r the statement is altogether borne out, that 
cooperative mills have been tried, and, to a great extent, liave succeeded in Lan- 
cashire, and that cooperative mills, where established, passed the commercial 
crisis with great stabilitv. Experimtmts of this kind are most interesting, and I 
can only say that I welcome them with great hopefulness. As an employer of 
labour (for I cannot forget that I am still an employer) 1 think there is great 
advantage in working men thus employing themselves and finding out the position 
of the capitalists, and also discovering that there is not always a profit, but some- 
times a loss, and that we must not, when we look to men who have made large 
fortunes, altogether forget that fortunes have been lost. Again, though I cannot 
aspire to be a statesman, yet as a politician and as a member of the Uovemment 
of the country, 1 hail the success of these experiments still more hopefully. It 
is said that one of the great causes of stability in America, and even in France, 
notwithstanding its many convulsions, is the large number of peasant proprietors ; 
and I think we ^ould have some share of the same kind of stability in this country 
by having a large number of working men with their own stoke in the coimtry and 
their own interest in its prosperous government. One or two facts have come out 
even in our discussion which have shown pretty clearly that it is not at all fair, 
nor true, to suppose that the wages of the working man are in all cases, or I may 
say even generally, so lavishly spent as some persons suppose. If we could only 
get a really dependable statistical statement of the increase in the savings of the 
working classes in one form or another in the last few years I believe we should 
be astonished and delighted. The success of benefit building societies (upon 
which we have had a paper in our Section) is only one instance illustrative of this 
fact. I feel, however, that I cannot leave this labour question (the condition of the 
labourer in England) without one further remark, and that is some allusion to the 
movement amongst the agricultural population. There, again, what a progress will, 
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after all, be acknowledged by any person however much opposed to the movement. 
The progress we have maae is shown in Mr. Arch’s meetings and Mr. Arch’s 
speeches : what a progress compared with the rick-burning in the southern 
counties when I was a boy, some forty years ago ! I cannot enter into the 
question now ; but I confess I am not sorry that there is a movement amongst 
the agricultural population. I do not in tbe slightest degree, in making these 
remarks, blame tneir employers. I believe they have acted as other employers 
would have done, and in some cases better, for they have been brought more 
into contact with their people; but I do think the fact of it being supposed that 
no agricultural labourer could combine with his fellow labourers did do some- 
thing towards making their wages lower than those of other classes of the 
community. 

But in watching this movement I think we who, bv our position, are not much 
interested in it, should watch it with very great sympathy for noth sides. The condi- 
tion of the agricultural labourer is in nia7iy cases that which ought to excite our 
sympathy ; but the position of the farmer also is a very dilHcult one. Ilis profit 
is not of that nature that he can make a large increase of money payment without 
a good deal of difficulty ; and I therefore think it is a favourable f'ature in this 
movement that there is a third class somewhat connected wjth it (the landlords) 
who are in a position which enable them to act as nn>deriitors on both sides, 
and whose interests are to some (‘xtent involved in the matter. May I just throw 
out a hint to the Section, that 1 think it would be‘ a very got)d thing if a papt‘r 
could be produced before it really bringing tim law's of political economy to the 
solution of this question — how far the rent that is paid for land allects thb question 
of the w^ages of the agricultural labourer Y 

There are only two other remarks that I would make on this matter l)ef()re I 
leave it, which concerns not so much the condition of England as what has 
happened outside of England, but vvdiicli cannot but hav e an effect upon Eng- 
land ; and, first, it is tliis, that if there was an atUunpt to describe progress in 
economical well-being for the last thirty or forty years, there would be one great 
factwdiich would be preeminent before allothei-s — the abolition of slavery in the 
United States. I am not now entering into the moral evils of slavery ; but it may 
not be out of place in me to allude to what would have been the consequences to 
economic science if the slave power of the South had succeeded, and in that great 
country, the United States, compulsory rather than fr(^e labour had Ixnm acknovv^- 
ledged to be the corner stone of the social system. I believe that histc^rians will 
hereafter admit that the failure of that bold and wfll-phmned attempt to seize hold 
of power in the United States in order to promote slavtuy w^as almost the greatest 
escape which civilization ever had. But however much wo may rejoice over that 
escape, we must not forget that the spirit of slavery still exists. We hope we 
may have stmck some blow against slavery this year on the East Ckjast of Africa ; 
but I am made more sorrowTul than hopeful from what 1 have seen of the matter 
during the last year or two. The efforts made* by men of our own tongue, and, 

I fear, W men of our own race, to caiTv on what is practically a slave trade in tlie 
Pacific Islands, are most dispiriting, and demand our earnest endeavours to check 
them in every way we can. I will only just allude to the attempt which is being 
made in many western countries, in which there is a demand for labour, to forcibly 
import Chinese coolies wherever it is possible to do so. I have, however, some hope 
in regard to both these matters. I believe the moral sense of England has deter- 
mined that her name shall not be shamed by the slave trade in the Pacific, and I 
hope we shall do our duty in regard to this Eastern traffic. I entertain this hope 
because the inhabitauts of Eastern nations are becoming more and more able to 
take care of themselves. 

This brings me to the other fact which, I think, we ought not to forget, and that 
is the remarkable intellectual movement which is now taking place among Eastern 
nations — a change which must result in great material advancement. I may allude 
to the wonderful reforms in Japan, which have so far appeared to have been carried 
out in real substance and with vitality of action, and which would seem to show that 
this country is waking up from the dead sleep of ages — a fact which will, I think, be 
hereafter acknowledged os the most extraordinary phenomenon of the last two oi 
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three years. I think we also see something of the same tendency in China, and I 
shall be surprised if we do not see some similar movement in our own Indian posses- 
sions before long. Even the recent visit of the Shah of Persia (although there was 
much in it of not mucli reality) is,, nevertheless, of itself a very interesting fact. 
It is a matter of some interest to us to find that the despotic ruler of an Eastern 
nation has thoiiglit it necessary to pay a visit to the West. It would be hard to 
foresee what will be the economic results of this intellectual movement, if it 
should go on increasing in extent and activity. It may cause to some extent com- 
petition with our labourers ; but I believe that the general result of it will be that it 
will fend enormously to the advantage of both labour and capital. 

Well, ladies and gentlemen, I have only one more remark to make before I sit 
down. There was one event (one sad event) that occurred last year to which I 
must allude. It would ill become me to close this address without making some 
reference to the irreparable loss which economic science has sustained in the death 
of Mr. Mill. That man, from whose lucid writings most of us have learnt what 
political economy we know, has been struck down in the full vigour of his thought, 
with his power of exprt'ssion undiminislnM. I think there is no one who would 
dispute that vigour, or who would deny that in his remarkable faculty for the expo- 
sition and the illustration of a truth, John Stuart Mill was unrivalled in our time, 
and hardly (‘xcelled in any other. Jhit his loss cannot be measured by that faculty 
of exposition. He was one of those who not merely explained and declared prin- 
ciples, but who ernb^avoured to apply them, lie was not content with stating 
problems; he did not slnink from the atttunpt to solve them. I know that many 
of us would not in all cases accept his solutions ; but who of us is there who would 
not acknowledge the jicrlect sincerity of his motive — the absolute truthfulness of 
his action ? IMany ol you knew him well : I had not that privilege ; but I knew 
him well enough to feel that the spirit with which, in attempting to apply his 
principles, he dealt with social and political questions, was so pure and noble, so 
sincere and single-minded, that he spread, as it were, an ennobling atmosphere 
around him, and for the time shamed away all mean intrigue and personal preju- 
dice or vanity. I hope that those of us who in future try to study or to apply 
those principles will always keep before us the example of the author of ^ xhe 
Principles of Political Econom\.‘ 


Oil the Use and Abuse of Peat. Bij Major-General Sir James Alexander, C.B. 

The author de.scrihed the waste of the valuable supply of peat in the county of 
Perth, in Scotland, by floating it down the river Forth in order to obtain the use 
of the clay subsoil for corn. The store of peat yet untouched was enormous, and 
the facilities for dealing with it were prolitable. The peat in Shetland was said to 
be hard as coal, and the \ arieties of the Blairdrummoua peat were described. The 
great consumption of coal was alluded to, and the danger of exhausting the supply, 
unless the export was checked by dut3^ The author next proceeded to describe 
the Falkland Islands peat, which was used for ships of war, and noticed the uses 
to which peat-charcoal avhs put for smelting iron. The method of working peat 
by peat- machine in Canada was shown by drawings, and a description given oi the 
manner of working. The author referred to the stores of peat in France which were 
as yet unworked, and alluded to a peat-factory which had been forcibly closed in 
Ireland, but remarked that one was about to be erected at Dumfries. 


On some of the Economical Aspects of Endowments of Education and Original 
Research. By C. E. Appleton, D.C.L. 

Endowments may be classified according to source , object ^ or extent. 

Questions arising from the consideration of the sources of these are mainly extra- 
economical. Possible sources are private bequest, taxation, or a private bequest 
taken in hand and reapplied by the community. 
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The direct of an endowment is alwaj^ one of importance to the community, or 
believed to be so. 

It is always an industry or employment. Institutions are only the means of 
industiy. 

The economical condition of the employment upon which endowment is spent 
mav be: — (1) self-supporting-, or capable of being made so; (2) partly or tempo- 
rarily incapable of maintaining itself ; or (3) wholly and permanently incapable. 

Political economy does not necessarily involve non-interference with the law of 
suppty and demand, but studies the etfects both of interference and non-interference. 

what then are the effects of the interference with the action of supply and de- 
mand involved in endowment in each of the tliree cases just mentioned ? 

1. Where the industry is self-supporting, or may be made so, it is to diminish 
the amount of production of the particular industry. This is the nndii ground upon 
which Adam Smith decides that the endowment of the higher education in uni- 
versities is to be condemned. 

Criticism of his views — q[iiestion whether st‘Condary and university education are 
or can be made self-supporting. 

Endowment running to waste where it is unnecessary, aflt'cts also injuriously 
general production, llclicate economical calculations may aris(‘ out of this. 

2. Instances of partly self-supporting industries are primary education and tech- 
nical education. 

Effect of partial endowment may be to stimulate production within the industiy 
endowed ; whereas without endowment it might fall to the gi’ound altogether. 

Primary education is a condition of public security, and therefore ot a healthy 
economical state. 

Technical education, like improved machinery, directly increa.-^es the capacities 
of producing wealth. 

it is probable, therefore, that the return of the outlay in partial endowment of 
them w’lll be greater than the diminution of wealth caused by the diversion from 
self-supporting industries of the tuidowment fund. 

If primary or technical education ever became, by an alteration of the industrial 
state of the country, self-supporting, the continued endowment of them -would 
then, as in tl^e former case, involve a waste. 

It may he questioned also whether tlie etfect of the ^Madder of endowment,” by 
which persons are enabled to rise from lower to higlier and the highest grades of 
education (however advantageous it mav be politically to draw the ^/ife of everv 
claas in the community up to the top), is economically advantageous; for it tenrfs 
to draw off the best minds from particular industries, and thus to impair the power 
inherent in the latter of improving themselves. The soundest economical condi- 
tion, it may he contended, is when the best minds are distributed tliroughout the 
community, and can act beneficially upon every form of production, instead of 
being centralized in a single class. 

3. An industry is permanently incapable of supporting itself when the com- 
modity which it produces is unsaleable. This is the case with original research in 
science. 

Distinction of useful and liberal studies. 

Mill’s statement that the labour of the savant is a part of production, and its en- 
dowment a productive part of public expenditure, seems strictly to apply only to 
those researches which render inventions and improvements of the means of pro- 
duction or distribution possible. 

Mr. George Gore’s enumeration of these shows that they are mainly confined to 
researches in Physics and Chemistiy. 

The other physical sciences, such as Natural History, Botany, Ethnology, &c., 
and the study of letters, of lan^age, or of history, however important in themselves, 
are not in the same sense industries which have any effect upon the increase of 
wealth-producing power. 

They supplj^, it is true, the materials of education, which, as we have seen, is a 
remunerative industry ; hut science, of whatever kind, is essentially an end in itself, 
and therefore not in the majority of cases or necessarily a coramodtity, i. e. means to 
any thing else. 
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The idea of an end in itself does not fall properly within the science of political 
economy. A form of well-being, such as knowledge or culture per se, is one of the 
ends for which all commodities or utilities exist as means. 

The inference that if we endow means we should ct fortiori endow the ends for 
which those means exist, is a strictly valid one, but an inference not falling within 
the province of economical discussion. But the proposition from which it is an 
inference may bo said to be taken from political economy. 


The Poor-Law and its Effect on Thrift, B\j S. C. T. Bartmy. 


On Benefit Building Societies. By J. Artiittr Binns. 

These Societies are defined by the writer as agencies for the collection of inonoy 
to bo advanced upon real securities, and 'not for the pui-j^ose of building in their 
corporate capacity. There are “terminating’’ and “permanent” Societies, the 
former passing out of use, the latter growing continually in influence and usefulnc'^s. 
Terminating Societies labour under difficulties in equalizing the income and the 
outflow of their funds, from which the permanent Societies are free. 

Members may join a permanent Society, or leave it, at any time. If an investor, 
a member may withdraw his money, with interest and profits ; if a borrower, ho 
may repay the amount he owes. In either case his connexion with the Society is 
determined by himself. There are differences in the mode of management, but not 
very important ; and the “ Bradford Third Equitable ” may bo taken as, upon the 
whole, a fair representative of these successful institutions. 

This Society has 5800 members, who pay regular monthly contributions after the 
rate of lO^'. per share, and who receive 4^ per cent, and profits (usually 1 to per 
cent, more) for their money. Ten shillings per month amounts, without profits, to 
£120 in 14 years and 3 months. The amount invested, or any part of it, may bo 
withdrawn at any time on a month’s notice, or the member may suspend his con- 
tributions, and permit his money to remain at interest. This saves fines, and often 
preserves money which enforced witlidrawal would cause to be wasted. The fines 
in 1872, on an income exceeding half a million sterling, were only £'04. 

A second class of members (about 1400), who pay not less than £o at once, pay 
when they please, and are not subject to fines at all. They receive interest and 
profits like the first class. Both are subject on withdrawal to a charge of one 
sliilling for every £o taken out. Out of the fund so raised the mauagemeut ex- 
penses are paid. 

A third set of investors are “ loan ” depositors. They have special facilities for 
withdrawal ; they receive 4 per cent, interest without' profits, and they are not 
charged with expenses of management. 

The Society is managed by nine Directors, a Secretary, and a Treasurer. There 
are also Solicitor, Surveyors, Auditors, and Stewards. All contributors in the first 
and second classes vote in the election of these officers annually, and all are eligible 
for appointment. The loan-holders, who number about 7000, are not members, 
and do not vote. 

The money collected is first used to meet withdrawals, and the remainder is 
advanced to borrowers on security of I'eal property. More than £200,000 was so 
lent in 1872. At the end of that year, the total amount actually owing to the 
Society, and secured by 1042 mortgages, was £835,000. The total income in 1872 
was £537,000, which was received in nearly a hundred thousand separate sums, and 
its separate payments for withdrawals and advances numbered 16,000. 

The Bradford “ Second Equitable ” has 6277 members, and an income of £265,000. 
The “Leeds Permanent” and “Leeds Provincial” have together 17,280 members, 
and an income of £505,000 ; the “ Halifax Permanent ” has 6167 members, and re- 
ceives annually £174,000. The whole of the Societies in England and Wales are pro- 
bably 2500, and the total number of members 1,000,000. The Royal Commissioners 
on Building Societies describe them as “ A group of bodies with a subscribed capital 
of over £9,000,000 j a loan and deposit capital ot over £6,000,0(X), over £17,000,000 
1873. 13 
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total assets, having over £16,000,000 advanced on niorlgacfe* and an income of over 

£ 11 , 000 , 000 .’^ 

These Societies have grown spontaneously, rather in the absence than under the 
protection of legal enactments. It is the province of Parliament to consolidate into 
law the existing practice, which experience has tried and proved to be safe, in- 
stead of attempting to remodel it into something altogether different, foreign to the 
purpose for which the Societies have been instituted, and not adapted to meet the 
wants of their members. 


Dwellings for the Industrial Classed, William Botly, 

The author discussed sites, plans, and sanitary eflects, kc. of cottages, also the 
pecuniary advantages of some extensive operations, deduced from observations iii 
various localities and statistical returns, showing the gi*eat requirement and its easy 
accomplishment. lie noticed and particularized many of the model cottages and 
villages in Enjjland and Wales, those of the Society of Ai-ts and the Prince Consort’s 
at the Exhibition in 1851 , those of the Society for the Improvement of the Dwellings 
of the orking Classes, the various companies, amongst others that of Sir Si(ln(*y 
Waterlow and The Artisans, Labourers, and (General Dwtdlings Company,” ob- 
serving that the latter had propounded a scheme solving the problem long wished 
for, that of erecting artisans^ and labourers’ cottages on a plan and cost to remunerate 
the builder, without being oppressive in the amount exacted from the tenant. They 
do away with the evils of overcrowding, imperfect ventilation, bad drainage and con- 
struction — not only so, but they show that a profitable return is secured on the outlay. 
The author then ^ve full particulars, illustrated by drawings of plans, elevations, &c. 
Amongst other tbings, he makes the following almost imperative : — 

Ist. South aspect (as most healthy, and in illness contributing to earlier conva- 
lescence). 

2nd. The offices to be in the rear. 

3rd. No cottage to be allowed to be built less than 15 or 20 feet above any 
neighbouring watercourse or sea-side high tide. 

4th. That each cottage should have an allotted space for a good vegetable garden, 
as the cottager growing his own vegetables will teach his children to weed, hoe, 
&c., and will not spend his hard-earned money at a beer-house. 


the Influence of Large Centres of Pojndatlon on Intellectual Manifestation, 
By Hyde Clarke. 

After considering how far town populations are a moans of exhausting (hose 
portions of the rural populations by which they are supplied, an exaniiimlion was 
made of the towns, showing that there was a greater manifestation of intellectual 
vigour than in the country. This was assigned to two chief inflnonces, one the 
extent of the population, and the other the continuous effect of educational institu- 
tions, as shown in collegiate and cathedral towns. Thus the eslablislinunt of 
large towns wdth adequate educational provision was treated ns contributing to the 
national advancement. The gradual development of communities in prehistoric 
times and among the low’er races was referred to as illiistrati^ e of the influence 
which the foundation of towns exercises in the history of civilization. 


On Peat By F. Hahk Danciiell. 


Statistics and Ohsertmiions on the National Debt and our Disbursements from 
the Beyohition in 1688 to the present time, shou ing the advisability of 
ascertaining our Annual Governmental Capital and Current Expenditure, 
By Frark P, Fellows, FMS, 

Ibis paj^T gave statistics of our National Debt from the time of its commence- 
ment m 1691, when it was £3,130,000, the interest being £232,000, or about 7^ per 



TUANSActlONS OP THE SECTIONS. 


187 


cent. ; that it rose to its highest point in 1815, when it was £801,039,000; that it 
was in 1808-09 £749,314,000, since which it has been reduced to between 
£720,000,000 and £730,000,000. 

The given Income and Disbursement for Civil, Military, and Naval expenditure 
and interest on debt wxre, ns given in Government Account: — 1832 to 1837 about 
£50,000,000 yearly ; 1839 to 1843 about £52,000,000 yearly ; 1844 to 1854 about 
£57,0(X),,000 yearly; 1855 to 1873 about £70,000,000 yearly. Since 1854 the 
lleveniic Departments, which up to that time only paid into the Exchequer the 
net amounts earned, after paying therefrom salaries and expenses, have by Peel’s 
Act paid tlio ivlioU amount received to the Exchequer, thus swelling the stated 
income, and the salaries and expenses have been voted froui the public purse. 
Hence about £0,000,000 must he added to the income and disbursements of years 
.previous to 1854, or the figures must be raised in 1844 to 1854 from £57,000,000 
to £03,000,000 in order to compare them fairly with the figures given since Peel’s 
Act. JOrrors constantly arise from this not being known. 

Ciiless, however, wVknow also (what wc do not know and what it was the object 
of the paper to urge) the value of the property of the Goveniment in land, buildings, 
shops, ami store's, &c., how it has increased or decreased during this period, and 
how it stands year by year, these figures give no real information as to the state 
of our national assets and liability or of our national current expenditure ; and the 
pajx'r was read in continuation of other similar papers read before this Association 
and tlio Statistical Society of London with the view of urging that a Capital and 
a (hirrent Account should be kept in each Government Department similar to that 
now” being introduced at the Admiralty, so that wc may know year by year what 
is the real (‘xpi'iidilure of the'Governnient both for investment or capital and also 
for current purposes, neither of w hich w^e know now. 


Thi in ilie School By J. G. Erjcir, one of the Asmiant En- 

dowed Sihooh Commissioners, and Her Majeshfs Inspector of Schools*^ 

This paper consisted mainly of some facts wdiich the author had recently gleaned 
in the course of a visit to Belgium respecting the working of the Caisses d'eparyne ” 
in the Coiumuiud Schools of Ghent. It appeared that wuthout any Government 
iiilhumce, but merely through the energetic initiation of one of the professors in 
the University of Ghent, M. Laurent, aided by the schoolmasters and mistresses, 
the system of saving has been very efficiently introduced into the schools; so that 
five sixths of the children in attendance have savings-bank books (lirrets) and bring 
their centimes regularly as they obtain them to the teachers, to be by them deposited, 
r.s soon as the sav ing amounts to a franc, in the public saving’S-baiik at 3 per cent, 
interest. Ghent is a town of about three fourths of the pomilation of Bradford; 
and in it the number of young people under instruction wdio are depositors has 
steadily risen in the course of seven years to 13,032. Statistics showing the gra- 
dual growth of the system, under the watchful care of the Communal School 
Ch)uiicil, the professors, and the elementary teachers, were given by the writer of 
tin; paper, from which it appeared that in the Free Primary Schools there ai*e in all 
7989 scholars (hoys and girls), of whom 7583 have savings-bank accounts, the 
fi<rryregate sum thus deposited amounting to 2/4,G02 francs, or about £10,984. In 
the Infant Schools (Ecoh^s gardiennes) there are 3039 children, of whom 1920 have 
Herds, representing a sum saved of 00,3-3 francs or £2051. ^ In those primary 
schools which are frequented by the better classes who pay for their instruction, there 
[ire 1079 scholai’s, 040 of whom have deposited in all the sum of 22,087 fi-aiics or 
£*907 ; and in the schools for adults, which are partly held in the evening and 
partly on Sunday, there is a total number of 3285 men and w-omen, of^wdiom 2889 
are depositors, and whoso united deposits amount to 09,252 francs or £3070. Thus, 
tliroiioli the agency of the scholars alone, a total sum of £18,512 lias been saved, 
giving an average of rather more than 3o francs each to 13,032 depositors. Mr. 
Fitch argued earnestly that in England the increase of wages did not increase the 

* A fuller account of this experiment is contained in an article, by the same author, in 
‘ Macmillan’s Magazine ’ for March 18X4. 
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permanent proaperity of the working class if it merely gave to them more leisure 
and a greater number of immediate gratifications, nor uruess it were realized in the 
form of ^tter furniture, more books, a share in a building or cooperative store, or 
some form of provision for the future, which would increase the self-respect and 
dignity of the workman. Yet saving was a habit very dilficult to acquire, especially 
by the recipient of weekly wages accustomed to live from hand to mouth. It could 
not be urged on the attention of workmen by employers without some suspicion of 
interested motives ; it had never been stronglv encouraged by the ministers of re- 
ligion; it could not well be enforced by any Government authority; it might even 
be doubted whether any system of lecturing or theoretic instruction on economics, 
either in the school or in tlie workmen s institute, would ever be very efficacious. 
Economy was an act, a habit, to be learned mainly by practising it ; and if learned 
at all, it should be learned earlv. The school was the right place in which ta 
acquire this habit. Teachers and school managers were in an unusually favourable 
position for helping the poor in this way. Thov could without difficulty open the 
needful accounts with the Post-Office Savings Ilank, and their motives were in no 
danger of being misunderstood by the parents. The child who foregoes an imme- 
diate indulgence, who saves his halfpence in order to procure a better equipment of 
books, clothes, or tools on leaving scliool, and who experiences the delight of finding 
interest begin to accrue when his saving amounts to a shilling, has learned a lesson 
in self-restraint and forethought which will abide with him for life. The paper 
concluded with the description of some of the details by which the introduction of 
the plan might be facilitated with the help of teachers, members of school boaixls, 
and others, and by the expression of a strong wish that the experiment so success- 
fully made in Ghent might be studied and imitated in England. 


On the East MorJey and Bradford Savings^ Banl\ By TnoM.is Haig. 

This savings-bank was opened in the year 1B18. The town being then very 
small, its early progress was slow. It had reached its climax in May 1804, wheii 
32,500 persons had deposited £'1,273,363, including interest, and there remained in 
the banK £248,396 due to about 10,000 depositors. From that time to November 
1809 the bank declined at the average rate of five to six thousand pounds a year, 
owing to the reduced rate of interest and the narrowed limits as to the amount of 
deposits ; while depositors would readily avail themselves to any extent of other 
modes of investment at a higher rate of interest. 

To stay its further decline and extend its usefulneas no course seemed open but 
to adopt the suggestion of the Savings-Bank Act, and to open a department for the 
receipt of deposits for investment on other securities upf)n which a higher rate of 
interest could l>e paid. Accordingly, rules having been prepared, adopted, and 
certified, the new department wiis opened in April 1870 for tlie rmnpt of larger 
amounts on interest at 4 per cent, per annum, with ]x>wer to withdraw twenty 
pounds without notice once in three months, and larger sums after notice propor- 
tioned to their amounts. 

Up to the 13th September, 1873, 3257 accounts had been opened in this depart- 
ment, on which 10,730 deposits had been made, and 4001 withdrawals. The 
amount of deposits (with interest to April last) was £274,2-15 13;». lOr/., and the 
%vithdrawals £65,559 7a., leaving £208,680 6a. lOd, due to 2763 depositors. 

Of this sum £160,000 in various amounts had been invested with the Bradford 
Corporation for limited periods at 4\ per cent, per annum. Other sums had been 
advanced on mortgage of realproperty, under the direction of a Finance Committee*, 
assisted by an eminent firm of solicitors and an experienced professional valuer. 

The two departments are kept perfectly distinct, and together nie<*t the) reeinire- 
inents of the class of depositors whose benefit was contemplated by the Legislature 
in the Savings-Bank Acts. 


On the Income-Tax Question. By T.O. P. ILvLLBrr. 
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Educational Statistics of Bradforch By James Hanson. 

The object of this paper is to furnish a brief statistical account of the state of 
education in Bradford. The term education is employed to denote the ordinary 
agencies concerned in imparting knowledge and promoting culture in the earlier 

S jriods of life. After giving a brief history of the establishment of day schools in 
radford, the author considers the question of what number of children ought to be 
under instruction in Bradford. The Kegistrar-General estimates that in the middle 
of the present year the population of the borough would be 156,609. At 231 per 
1000, between the ages of three and thirteen years, we shall have in the borough 
36,170 children of school age. Deducting 10 per cent, for sickness and other causes, 
there remain 32,553 of school age, constituting the gi’oss number that ought to be 
under instruction. What are the facts of tlie case ? One seventh of the children 
between three and thirteen belong to the middle and upper classes. Taking ono 
seventh from 32,553, we have 27,903 as the number of children of the poorer classes 
that require to be educated in schools where the fee is less than ninepence per week. 

The number of children in the fifty public elementary schools which exist in 
Bradford are then given, the total on the books being 19,434. The number of 
children in the (>5 private adventure schools was found to be, in 1871, 2866 ; and it is 
estimated that the number is the same at the present time. This gives a total 
number of children in schools where the weekly fee is less than ^d. as 22,300. It 
has been found on inquiry, however, that of the seventh part of the entire juvenile 
population belonging to tlie upper and middle classes, 46*50 in number, only 2517 are 
provided for by middle-class schools, private tuition, &;c. ; and it may fairly bo 
concluded that the balance, 2133, are educated in the public elementary schools. 
We must then add the 2133 to the number that require to be provided for in public 
elementmy schools. The figures amended will then stand thus; — 


Children between thnu? and thirteen of the working class 27,003 

Children sent to popular scliools by well-to-do people 2,133 

Total 30,036 

Children actually in popular schools 22,300 

Left without day-school instruction 7,736 


It must especially be bonie in mind that the figures we have hitherto been deal- 
ing with simply rej)reseiit the children on the school-register. Nothing is told us 
about the character of the education that is being received by these 22, 3(X) children ; 
flud yet this is a most vital point in attempting to ascertain the state of education 
in a community. With one exception the adventure-schools of this kind were in 
1871 deemed inefficient by the Inspector of Iteturns, and were not taken into 
account at all in reckoning the school provision of the borough. As to the educa- 
tion given in the advanced schools, the author believes it to be equal to that of 
einiilar schools in any part of the kingdom; and in the last twenty 3 ears the 
standard of teaching in tiiese scliools has been ver}^ materially advanced. Coming 
to the education obtained in the popular ekunentary schools, we must take into 
consideration several circumstances. 1. In the first place, the difterence between 
the numbers on the registers of the schools and the average attendance is very 
great. . The numbers on the registers of the fifty schools are, as we have seen, 
10,434, while the average attendance only amounts to 12,028. Here is an elimi- 
nation of 7406 children at once. An able inspector, Mr. Fitch, has remarked that 
it cannot be said of a school that it is, in any dlective sense, educating a larger 
number than that represented by its average attendance.” The Bradford schools, 
therefore, cannot be said to be really educating more than 12,028 children out of 
the 19,434 on the books. The others are irregular attenders^ that gain little good 
from their casual visits. 2. The diirerence between the registers and the average 
attendance is rendered so large owing to the presence of a great number of half- 
timers in the Bradford schools. This feature must be deemed a hindrance to the 
eliective education of the children of the working classes. There are in the Echools 
of the borough about COCO half-timers. The system can only be accepted as a boon 
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v/Iiaro paroiiis and society are indifferent to the education of children, and would 
otherwise systematically noffloct it. 'Its educational value has been overrated. 
Keporting on this district in 1870, Mr. School-Inspector Wilde justly remarks that 
its advantage is the regular attendance which it ensures where work is regular ; 
blit he observes : — TJie disadvantage of the system is that parents, knowing their 
children will bo obliged to attend school when they begin to work, do not send 
them while young, on the plea that when they go to the mill they will got their 
schooling.’’ S. The character of the education imparted in the elementary schools 
would be most clearly shown if we could know how long the children remain at 
school, and what progress they make in their studies. We want to know what 
proportion of the 12,028 are presented for examination, what they are examined in, 
what they know of each subject, and what is the mental culture eilectod. The 
author cannot give exact information on those points. The inspector for the district, 
Mr. Baily, has kindly supplied the following facts: — In the forty schools he in- 
spected between September 1872 and March 1873 in Bnvdford the average attend- 
ance was 10,333 ; the number qualified for examination 7(>0l ; actually presented 
for examination (>310 j number of passes, in reading 5002, in writing 5270, in 
arithmetic 3850, in one special subject lOO, a second special subject 87. Thus out 
of the ten thousand in average attendance, only .3850 p;uss in arithmetic in all the> 
standai'ds. The inspector is unable to give llu^ nunibtu’s in each standard. As 
a substitute for such specific information, it miy U'^dst us to an a])proximate con- 
clusion if we assume that the Bradford el* unent ary schools are (^qnal to the av(M'age 
of such schools throughout the country. Applying to the statistics of the Bradford 
schools the proportions that we tind exemplified in the last rt'portuf the department 
for the whole of the inspected schools of rhigland uml Wales, W(' should nave the 
following results. Out of the average attendance in our fifty elementary schools of 
12,028, there would be : — 


Qualified for examination 8334 

Actually presented for examination 7(K)0 

Presented in the first thre* stan<lar<l?. 1. to HI 5008 

or 82 per cent. 

Ihesented in the upper tlii’cc standards, IV. to VI 12*13 

or 18 per cent. 


That is, out of PVi34 on the n gisfers, and 12,028 in average ati(uulanee, only 1213 
would be presented in fStandards IV., V., and \'i., while 501)8 are prt‘sented in th(‘ 
earlier standards. Further, as to tho.*<e that would pass without failure in iiuy sub- 
ject. According to the same proportions, the ]3radford schools would pass in 
♦Standards I. to III., 3528, and in Standards IV, to \T., 000; that is, out of 10,434 
on the registers, and 12,028 in average attendance, only short of 700 would be 
instructed sufficiently to be able to p;iss without failure in the higher standards. 
iSow, when we remember that the high(‘st standard only requires in arithmetic a 
knowledge of projK>rtion, fractions, and decimals, and a corresponding prolicioiiev 
in reading and writing, these facts indubitably show what a miserable state our 
system of education is in. 4. In trying to form a judgment of the cbanicter of the 
education supplied in the public elementary schools in tliis town, there is one otlicr 
feature of the general system that must just bo mentioned, althougli its workings 
cannot be brought out here. The author refi'rs to the inherent tendenev of fostering 
mechanical teaching, mere vumortUr knowledge and cramming, ratlier than tluj 
acquisition of accurate knowledge, the unfolding of tlie faculties, and the framing 
of these to right habits of thought. It would be interesting to know what is the 
cost of the agencies which achieve these meagii^ results. This cannot be givtm 
exactly. Out of the fifty elementary schools now in (‘xistence, thirty-eight gained 
(lovernment grants last year ; the rest arc seeking for tlieso t»Tants. " These tliirty- 
eight schools got 1:3883 17«, lOd. from the Imperial fund last year, and for tlie 
ojx raticujs of the yeai* the fifty schools will obtain from I'HOOO to itKKK) of tlni 
parlianientiuy vote. This large amount of public money is spent in Bradftird on 
what are called ^‘elficient” schools* No teachers, however competent, can secure 
a really good education without a regular, continuous attendance for a series of years 
on the part of the children. Our system fails because it wants the condition las 
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mentioned; its effects are not permanent; they are so meagre and superficial that, 
to a large extent, they are lost : they are evanescent and unfruitful ; and on this 
account the system is exceedingly costly, without a commensurate return. If tested 
by economic principles, the system would be pronounced unsound and wasteful. 
In reference to school accommodation in Bradford, many of the schools would 
accommodate more than are in attendance. The present provision in the elementary 
schools is for 21,171 children. The eight schools that are being built by the School 
Board will accommodate 4800 more ; so that there will be accommodation for 25,071 
— say 20,000. It has been shown that there are 30,036 children requiring accommo- 
dation ; but if we deduct 3000 for half-timers, we shall have 27,036 as the gross 
number of children who require accommodation, with a provision of 20,000. There 
is, however, accommodation for about 3000 in the private adventure schools. Passing 
now to evening schools and classes, there are a great number of night schools held 
in private houses and private schools, of which no statistics can be given. In the 
public institutions and elementary schools, a list of which is given, it was found 
that there were on the books hist year 3027 students, with an average attendance 
of 1657. Art- and science-classes have greatly increased of late years through the 
encouragement extended by the CJovoniment. A detailed table of the statistics mr last 
year of all the classes of both art and science in the borough, the* subjects studied, 
the number under instruction, and the number examined, shows the following 
results: — That oO*) persons w^ere nnd(U’ instruction in art, and 465 of these were 
examined. In scienc(> 564 were under instruction, with 013 individual examinations. 
It thus anpeai-s that in tlio science and art classes together 1150 persons have been 
in^tructeil. Another educational agency in extensive operation in Bradford is that 
of Sunday schooh. From the statistics supplied in the paper, it appeared that 
there are on the books of all the Sunday sciiools in tlie borough 31,460 children 
and young persons, with an average attendance of about 21,000. Statistics as to 
the Public Libraries of the town were given, and show that in the libraries of the 
Mechanics’ Institute, Church Institute, Female Educational Institute, and the Free 
Library, there are 32,225 volumes, wdth issues last year amounting to 156,000. 
And then w'o must not forget the interesting fact that almost every one of the 
eightv-six Sunday schools has a library for tlie use of the children and teachers; 
and tlieso contain altogether about 47,000 volumes. 


On Postal Reform, By W. Hastings. 


On Baihvays Amalyamated in Competing Groups, 

By B. Kaughton, C.E.^ F,S,S, 

The author said that the railways of England had now settled down into some- 
tliiiig like a complete and ellicient system, suitable for the necessities of the 
couulry. Their cost had been something like £600,000,000, and the period of 
lime occupied in their construction had been, dating from the commencement of 
the construction of the Liverpool and ^Manchester Railway (1820), forty-seven 
yeaiu The trunk lines w^ere tiiiished, and the question arose, What next? Tho 
answer was natural ; let them arrange and control and manipulate this vast machi- 
nery so as to produce symmetry and oiflcr out of the seemingly chaotic mass, and 
so os to extract a maximum of effective work out of the minimum of efforts. This 
was tho problem which the English people had now taken in hand. He believed 
that the railway traffic of the country was conducted as perfectly as it could be, 
considering tho extent of our experience, tho nature of the instruments we were 
obliged to use, and the patchwora character of the general railway reticulation. 
One of the methods proposed as a panacea for the existing unsatisfactory condition 
of affairs was that of a surrender of the raihvays into the hands of the State. 
Assuming that State management must follow State purchase, the advantages 
claimed by its advocates might be stated as follows : — (I) Unification and 
symmetry ; (2) economy of working ; (3) elimination of Parliamentary charges ; 
(4) immunity from accidents ; (5) reduction of rates and fares ; (0) increase of 
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accommodation, especially in the matter of improrcd train correspondence ; (7) 
adoption and adaptation of all the latest inventions j (8) the necessity of the 
operation lest the railway companies might become the dominant power in the 
Htate. The objections io State management usually urged were : — (1) Cen- 
tr^ization; (ll) ‘communistic tendency of the act; (8) patronage; (4) the pos- 
sibility that the State might get a bad bargain, as other inventions might arise 
more economical and convenient than the present means of locomotion ; (5) 
the enormous cost of the imdertaking ; (0) tiie necessity to buy up the canals, 
coasting, steam, and sailing vessels competing with the railways, the docks and 
harbours owned by the railways, locomotive factories, coach and waggon factories, 
the coal- and other mines used by the railways. With reference to the economy 
of working under State control, the author regarded it as extremely problema- 
tical. The number of journeys made in 1871 in the United Kingdom was 
875,000,000 exclusive of those made by season-ticket holders, of whom there 
were 188,892 ; and he estimated that tile total number of jounieys made in the 
year was 409,000,000. During the same period one passenger only was killed for 
each 13,030,000 joimieys made; and assuming tlint each passenger made seventy- 
live joiinievs per annum, and that he was endowed with the fociiltv to renew 
his life at pleasmt*, he could only be killed once in 181,733 years of travelling. 
And supposing that the wounded by railway collisions were to be killed in the 
ratio of ten to one, a passenger could only be wounded once in 18,000 years. 
These and other figures proved that there was practically no danger for the 
railway traveller either of being killed or wounded in a railway collision. It was 
to the nearly superhuman efforts of railway officials, high and low, as well as to 
the inventive genius of the engineer, that the passenger owed his comparative 
safety : and he might feel assured that State management would not diminish the 
present death-rate. Having re\iewed the objections usually raised apainst the 
status quo, the author considered those generally made against adopting the op- 
posite horn of the dib'inma, viz. Government management. Centralization of 
control had some advantage's^ but they were not such as to neutralize its short- 
comings. It was because he was convinced that it was beyond the intellectual 
capacity of this country as in this epoch limited, to manage a network of railways 
18,000 miles in extent on the principle of unification under State control and 
in accordance with the present wants, that he adv'ocated a system of railway groups 
as against a Government or centralized management. It was clear that the State 
could not eiiO'i* into a earning competition with independent companies. The ob- 
jections to expro 2 >riation on the ground of patronage required no further notice 
than this, that tlie coinj)anies employed almut 250,000 persons, the nomination of 
wliom to their several offices would bring with it doubtless the possession of their 
sufirages. It vv%is questi(»nable if the railway proj)erty could V* bought for less 
Ilian a thousand millions, if even it could l)e done at that figure. Truly the friends 
(jf expropriation must be endowed with a romantic boldness of enteq)ri6e, and a 
laitli that would remove mountains. The scheme he had to pi ace before the Asso- 
ciation started upon the principle that it was the duty ot the Goveniment to 
gov ern, and not to trade ; and it adopted, as a foregone conclusion, that the State 
ought not, and could not if it would, buy and manage the railways. The inten- 
tion of the scheme was that the existing railways, owned at present by 100 
dilferent companies, should be amalgamated into four competitive groups, to be 
owned and managed by four great eompani(;s, taking their shape and airection 
from the people of the l^land, and having a duo regara to the terrain as well as to 
the iraporlance of the chief centres of trade and manufacturing towns, cities, mines, 
docks, ports, harbours, and so forth, as well as to the status of each principal 
railway company. He suggested that the four amalgamated groups should pre- 
serve the titles of four oi the existing companies; — (1) the London and North- 
Western group ; (2) the Great Western group ; (3) the Great Northern group ; 
(4) the Midland group. Neutral territones, except in a very few instances, had 
no place in the sclieme, as being contrary to its principles, those of competition 
pure and simple. The London and North-Western group would absorb the London 
and North-A\ estern, Lancashire and Yorkshire, Cambrian, Mid Wales, Caledonian, 
Great North of Scotland, South Stafford, London, Brighton, and South Coast, and 



TRANSACTIOXS OP THE SECTIONS. 


193 


Bome of the smaller networks to South Wales, Shrewsbury, and Hereford (jointly), 
and the Cheshire lines (jointly). The Great Western group he would compose 
of the Great Western, South -West era, Shrewsbury and Hereford (jointly), 
Cheshire lines (jointly), South-Eastern and some of the smaller lines in South 
Wales. The Great Northern group would combine the Great Northern, Great 
Rastern, North-Eastern, North firitish, and the Highland (jointly). The Midland 

S would consist of the Midland, Manchester, Sheffield, and Lincolnshire, 
_ow and South-Western Highland (jointly), Brecon and Merthyr, Bristol and 
Exeter, and London, Chatham, and Dover. The four systems might in the fulness 
of time become practically four distinct railway networks, each one visiting the 
most important commercial centres of the kingdom, and each independent, or 
nearly so, of the others. AVhen the sy stems had attained such a condition, it 
might be said that the absolute perfection of the scheme had arrived: that was 
to say, a choice of four different routes would be offered to any person travelling 
fiom one place of importance to any otlier place of importance. The author 
proceeded to enumerate the advantages ot the system he had thus sketched out. 


Commercial Panics, By W. D. Henderson. 

The writer considered the whole question of banking on the historic method,^^ 
and showed liow it was that various laws had from time to time checked the 
natural development of the business of banking, lie then pointed out that of all 
trades banking was the one which ought to be freest, as it dealt not with commo- 
dities, but with tlie representatives of commodities and the credit of individuals. 
After pointing out how it had happened that in England the capital of the banks 
was small in proportion to their liabilities, and the specie also small, and that the 
Bank of England held the entire specie reserves of the country, he proceeded to 
point out that the remedy for the small capital was nowin the hands of individuals, 
who could either singly or in combination, or in the latter case, under either the 
Limited Liability Act or the unlimited, form what banks they pleased. As regards 
augmenting the specie reserves he showed that this also was largely in the power 
of the banks, and that what was required was chiefly that the London banks should 
form a fund of specie to which each would require to contribute, and settle their 
clearing-house transactions, not by cheques on the Bank of England, but by 
cheques on this fund. He showei how the possession of this fund would steady 
the action of the hanks in times of pressure, and that it would be open to the 
banks, if a great emergency arose, to hand its amount, whicii would probably bo 
4,000, (XX), to the Bank of England. He then considered the one exception to the 
general principle of free trade, and admitted that the issue of small notes was 
really a monopoly, as the holders of these nott'S were involuntary creditors. The 
asvsumption of the Act of 1844 was examined, ^iz. that a circulation of notes 
should fluctuate as one of gold would do; and it was shown that this was impos- 
sible, and that in Scotland, for example, between May and July, there was a varia- 
tion in the circulation of 10 per cent, from what the small note circulation might 
be expected to be on this theory, and what it actually was. He advocated tho 
issue of these notes by the State, provided that the State held a large reserv’e of 
specie to secure their controvertibility. The amount of sovereigns in circulation 
was now about £’75,(X)0,000, and probably notes issued by the State would take 
their place to the extent of £o0, 000,000. Of this sum one half might be kept in 
gold and the other half in consols ; and of course, as no interest would be payable 
on consols, the State w^ould make a profit yearly of 3 per cent, on £'25,000,000, or 
£750,000 a year. The writer then pointed out that in times of panic a portion of 
this gold might be rendered available. On the principle of the Bank Act of 1844, if 
the normal circulation was £50,000,000, it was inconceivable that it should ever 
fall below £30,000^000 ; and the First Lord of the Treasury and the Chancellor of 
the Exchequer might have power to sell, say, £1,500, (XX) of gold, and purchase 
consols for every 1 per cent, that the Bank rate rose above 8 per cent. There 
would thus be a margin of £5,000,000 from the small note department, viz, the 
dilierence between £25,000, OCX) ordinarily held of consols and the £30, (XX), 000 
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wliicli might bo held, and in addition £4,000,000 from the London Cleanng House 
available to allay a panic, and tliis without any loss to the countiy, which would 
indeed have £21,000,000 of gold to export. The writer then repeated his view 
that, except small notes, there sliould be complete freedom in banking, taking rea- 
sonable precautions to prevent frtiud, and pointing out that it would bo well to 
allow all new banks, or banks not now circulating, to issue notes of £20 and up- 
wards, as their notes circulated among the wealthier classes, who were quite able 
to take care of thoniselvcs. lie believed that with freedom in banking the banks 
would be larger and with larger capital, and safer than at present, and that ex- 
tromo mercantile convulsions could be avoided, although, of course, pressures 
arising from men’s imprudence might always be expected 


On the Shodihj Trade. Bij Samviil Juno. 

The shoddy manufacture was commenced at Ilatiev, Yorkshire, in tlie year 181 d, 
being introduced l)y Mr. Jleiijaniin J.aw, of tin* same place. The produc(‘ tluTeof 
arc heavy woollen cloths chiotly, and the}' are used for coatings and otlier purjxmt's. 
The essential raw materials us(*d in tin' fahricatiun id shoddy cloths are shoddy 
and mango, in combination with wool and noils. 

Shoddy is produced from soft rag's, smdi as cast-olf stockings, flannels, carpets, 
iS:c. ; and iniingo from hard rags, such as worn-out ihvs.s-coats, tailors’ cuttings, 
disused lino tableclotlis, c^'c. Jlotli these kiiiiK of r;ig.s, wliich formerly were 
nearly valueless, are torn or ground up hy a mneliine, th^ j>rincipal feature of which 
is a cylinder set with sliarp iron teeth, and which re\ohes at a rapid rate; this 
machine is known locally by the name of “de^il.’' Tlu* ellect i'*, that the rags 
are converted into a kind of wool or llock, and lienee cnjiable of being mixed with 
sheep’s wool. 

The supplies of rags are drawn partly from the large cities and towns of the 
United Kingdom, and also from various foreipi countric'^. J.ondon is the principal 
market. Shoddy and mungo, viz. the rags in the })r(‘pared state, are largtdy 
imported from the continent of Europe. 

Shoddy aides from Id, to I 5 . per lb., mung<) from 1 }jL to 20i7. per Ih., according 
to quality, colour, staple, ttc. The wool used together witli slioddy varies from 
Gd. per lb. to l8^/. per lb., and with mungo from Is. to ‘Js, (></. or .‘U. per lb. 

There is a large quantity of fine Australian woid consumed in the shoddy 
manufacture. 

Shoddy cloths vary from about Is. 2d, to 12«. per yard, 54 indies wide, and 
always appear cheap, whilst as a fact they are an economical fabric, and as such 
extensively patronized b}* the working and ])oorer cla.N.-(‘H at home j at the same 
time a large export trade is dune in them to our colonies and the principal markets 
of the world. 

Hhodily cloths are of courfc scribbled and carded, spun, woven, milled, raised, 
dyed, and finished much in the same way as cloths made of all j-heep’s wool. 

The shoddy manufacture has its centn* at Ikitley and the adjoining Ixirough of 
Ilewsbury, wfiere large mills are in operation, ein]>lo\iiig thousands of workpeople. 
Hatley is" the principal seat of the trade, and at tills time (187.)) contains from 
fifty to sixty mills engaged in this busino.'is. 

A considerable number of other places in the district, and at a distance, are, 
more or lf*s3 occupied in tlie heavy woolhm manufacture, which have radiated from 
Hatley as from a common centre. There are no statistics showing the extent of 
the trade in the aggregate, though it is desirable there were ; it may, however, be 
stated that there are without doubt iKXX) power-looms used in this trade at Hatley. 
Speaking of power-looms (that is to say looms driven hy steam-power, in contra- 
distinction to hand-looms, which were worked manually) they (power-looms) have 

^ Ti is a little curious that remcdicH almost identical with what is suggested here were 
adopted a day or two afterwards in Xew' York. The banks there ceased to conduct their 
exchanges against legal tender, and the Government bought lands ; and in each case tlio 
amounts were similar to what is hero indicated, viz, £l,0tK),(XlU and £b,000,OtX) re- 
spectively. 
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boon used on a large and increasing scale for some twenty years back ; females are 
cliioily engaged in tending power-looms, intermixed with a few young and adult 
men. Female labour has boon in great demand in the heavy woollen district since 
the introduction of power-looms j and the result is that this kind of labour now 
receives about twice the remuneration it formerly did. Men’s wages, though ad- 
vanced, have not progressed in any thing like a corresponding ratio ; females who 
are proficient at the power-loom can earn in full employ eighteen shillings per 
week. The employment in the woollen manufacture is, generally speaking, healthy ; 
the oil, which is put upon the wool before scribbling, keeps down any dust, and is 
wlioh'some to the operative. 

Ill conclusion, the trade seems destined to expand in future years as it has done 
ill the past, and to b'M*ome, large as it is, much lavgiu’ still. In its first initiation, 
and for some time afterwards, the trade was not without detractors ; but it has 
oiitlivi'd all opposition, and has become iirmly established as one of the leading 
manufactures of the kingdom. 


Co iifede rated Jlooies and Cooperative Kon^elceepiafj, By M. Kino^, 

In a short introdiKdion the wrif(>r showi'd that tlu* provorliial attachment of 
iMm'lishmen to their lionn's was not so deep as wa-^ Mi]>]Hjsed ; neither were the 
(•(unforts (jf home extended to ail members of society. Men in easy circumstances 
fre(|ueiited clubs, ladies left home for balls and parties; nuMi in a poorer class re- 
sorted to public-houses, institutes, A'C. ; the wonieii, vrlieii they could, went out for 
a little gossip. The large number of single men and women li\ing in boarding- 
hoU'-i's and hxlgings proved tliat hom^ was to them little more than a name. 

( )no well-knoNMi can.'^e of the di'^eomfort of home was the want of good servants. 
Some considered the inistrt'Sc'es to blame for them, some the servants; the happy- 
mt‘dium people said both were to blame ; while sln‘ (Mrs. King) considered that 
neither were to blame, but thought that the position in which mistress and ser- 
vant were placed with regoird to one another canned this discomfort, producing 
discontent on the part of the servants, and the as.suinption of responsibility by 
mistresses as to the life and conduct of their .•servants, which they could "only 
carry out by dejiriving the servants of nearly all liberty and free enjoyment of life, 
'idle discontent of nervants wan owing to the state of seniinlavery in which they 
were kept. Mrs. King urged that servants siiould be placed in the altered condi- 
tion of free workers; and in ordiu* to eflect this, tin* home of the employer should 
no longer be llui home c»f tlu' employed— that is, that servants should no longer live 
in our houses. In order to effect this cdiaiigc, our system of living in isolated homes 
must be given up, and onii of eoopt‘rati\ e housekeeping be substituted ; and instead 
of one set of seiu ants working all day and, a^^ occurred often, far into the night, re- 
lays of servants should come for a certain number of hours tmd bo replaced by 
otliers. ^ 

Mrs. King called attention to the want of proper schools of cookery, and declared 
that the attempt to teach it by lectures or showing how to make a few dishes must 
])rove a failure, the art and science yif cookery being a branch of technical instruc- 
tion requiring study and constant practice. 

With regard to the mechanical arraiigemonts of the homes, the best machinery for 
economizing labour should b(^ made use of; but it would be better not to attempt 
to obtain luxuries, the most perfect organization for the supply of the necessaries 
of domestic life being one of the greatest luxuries — these mechanical arrange- 
ments being for heating, lighting, water-supply, and waste-pipes (speaking-tubes, 
ventilation), and lifts.” 

As water should bo carried into all rooms where required, so should all waste 
mutter bo conveyed out of rooms by a turn uf the hand of the occupier of the room. 
Domestic service was made degrading by giving women degrading' work to per- 
form, and so ellectually preventing women of higher class entering into it. 

Mrs. liing advocated the education of boys and girls together, and affirmed 
that in a homo on the plan she recommended a school could be attached in 

* Published in extemo in the ‘ Contemporary Review * for December 1873. 
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■whicli the system of mixed education ” could be best tried, as the parents 
could then daily watch the effect it had upon the character and behaviour of their 
children. 

In conclusion, Mrs. King said, ‘‘The plan of home, domestic and social, life 
I have olKlea^ oiired in this paper to explain is a wide one, one which, if car- 
ried out, would result in many wide reforms — in the emancipation of a class, 
in organizing the whole range of female domestic labour, in founding schools 
for technical education in the newly organized profession, in producing tenfold 
more order, ease, and comfort in home-life, in reducing the cost of living, in 
opening a field of honourable employment to women of all classes, in ollering 
the best means for the caie and education of children, and, lastly, showing a 
remedy leading to the greater purity and ele\ation of our social intercourse. 
And however 1 may have failed in working out the details of my plan, it is one 
well worth our earnest consideration and attention.” 


On the hlffcci of the Increase of Prices of certain Necessaries of Life on the 
Cost of Livinfjj and its Relation to the Rates of Wayes and ^Salaries, By 
Professor Li:une Lp:vi. 


On the Economic Use ef Endoivments. By J. M. P. lifEiKEEJOiix, J/.yl. 


On Caidial and Labour, By W. Moiaus. 


On the Bradford Building Trades, By AKrniUALD Nr.iLL. 

The building-stone trade of llradfoid and district is considerable in extent, there 
being abont (>000 men engaged in .stone-getting and dressing in the quarries in the 
locality. The produce is about 450,000 tons per annum, and something like 
£050,000 in value. The men have no trades’ union, but have as short hours ns, 
and are better paid than, the workmen employed in the building-trade who ha\c 
tradt s’ unions. They have seldom much difriculty in obtaining an nd^ aiice of wng('.s 
or other requests, a.s they are guided by the state of the trade. "When they see a 
good demand for the stone they understand tJiot to be their oppoiliiuity, and each 
set of workmen asks their employer or master for an advance of wages, shorter hours 
of labour, or other advantages ; and they have* so limed tlieir apnlications that the 
quam* masters hai e found it possible to comply with them, and tnnt without injui y 
to the trade ; for although tlieso men have shorter hours and arc,* Ixdter paid than 
any other mi'ii similarly employed in any part of this country, yet the stone found 
in this district, being higdily ajjpreciated and much used, the trade has inipiovcd 
notwithstandingthe rep<,‘ated acUances made to the workme n. As a large propor- 
tion of the stone (fully one half) is sent off by rail or water to London, ^lancheeter, 
Livei-jiool, IMnningham, and otluT places equally distant from Bradford, the in- 
crease of wages to the workmen in this trade is all to the advantage of the Bradford 
district, and will be so until the high wages modify or de‘stroy the demand lor 
the stone. The stone in this neighbourhood is of the sandstone order, but of 
various qualities. There is the ordinary coarse sandstone, known to engineers as 
the Brainley Fall, and the white beds of Calverley, and th(^ liner qualities of ashlar, 
such as Cliff Wood, Ikilton Wood, Wroso Hill, and Idle, of which most of our largo 
warehouses are built. When tluise stones are iis< d in buildings set on their natural 
bed, they will last for ages. The delfstone or fine riving sandstone is also found 
in great abundance, in layers from 1 inch to (iOiiu hes in thickness, and in large posts 
or slabs. These can be split into a variety of thicknesses, according to the natural 
vents or beds of the stone. When split in this way the bed is true, and flags, 
landings, steps, or other flat stones are obtained with little labour j and if worked 
while fresh, the labour is easily executed j but when dry, it iH'comes hard and 
difficult to work with hammer and chisel. A great number of the men employed 
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at the quarries are engaged in working as masons, preparing flags, steps, sills, land- 
ings, and a variety of masons’ work. These men work mostly by piece or contract, 
and earn from 30«. to £3 per week. The stone so prepared, except a portion of 
the flags and landings, is all sent out of Bradford, as the Bradford Building Trades’ 
Union m^ons object to stone so dressed being used in this district. 

There is little machinery at work in the stone trade of this district as yet ; for 
although stone-dressing and moulding-machines have been at work on the Bath, 
Portland, and other soft stones in the southern counties, they are not adapted to 
work the hard stone of this district. Little progress has been made in dressing 
Bratlford stone by machinery, the great grinding-power of the stone on any tool 
being a considerable difficulty. Low speed can only be used, and the result is slow 
progress with the work. Yet something is done in this way, and at half the cost 
of liand-labour. [The author has constructed a dressing-machine for cutting and 
squaring stone, and also a rubbing-machine for dressing quoins and plane sur- 
faces ; a full description of those machines was given to the Mociianical Section of 
this Association.] At present few masters liave introduced machinery into their 
workshops; and at present not more than 10 per cent, of this class of work is 
done by machinery. The small amount of scafrolding used hy builders in Brad- 
ford is a peculiarity, and must attract the attention of strangers. Onr large mills 
and warehouses are raised without the aid of the forest of pol(‘s or lieavy timbers 
to be seen in other large towns. There are about 1400 building masons in 
Bradford. They are nearly all in the union. They have 7j(h per hour, and work 
49;] hours per week. They discourage overtime ; and it is very seldom resorted 
to, it being felt in Bmdford, both by ma<ster builders and men, that 40] hours is 
sulficient labour for any week, and not more than nine hours in any one day. 
There are about 1000 carpenters and joiners, machine-joiners, and steam-sawyers 
in Bradford. One half are in trades’ unions ; and, so far as the author can form an 
opinion, the better class of workmen in this case are unionifets ; and he has never 
known the union interfere except for good. Their wages are l\ch per hour, time 
and overtime, as in the cose of masons. They have always welcomed the use of 
machinery, and made the best of it. Mucli good machinery has been introduced 
into this trade ; and Bradford is not behind any town in the country for the quality 
and variety of the machinery in use, some being a.s yet in exclusive use here. All 
the heavy work in carpentry ( roof-framing, floors, dovetailing of beams, joists, kc.), 
as well as all the heavy work in joinery, is done by machinery in a first-clas.s 
manner, making the labour of the joiner easy, care and skill being more in reqiiost 
than hard work. The machinery in this trade executes fully 00 per cent, ot the 
labour in preparing carpenters’ and joiners’ work (the fixing, of course, having still 
to be done by hand-labour) — the result being that although wages have risen in 
this trade upwards of (X) per cent, during the last twenty years, yet the price of 
finished work, exclusive of fixing, is not more than it was before that time. Wo 
have 200 phisterers in Bradford. They are nearly all in the union. They are paid 
TJf/. per hour, and work 50] hours per week. There are about 200 plumbers and 
glaziers and 50 slaters, with hours and pay similar to tho'^e of the joiners. There 
are 750 masons’ labourers, all in the union. They are paid (V/. per hour, and work 
40] hours per week. Tlicre are about 1300 men engaged as excavators, carpenters’ 
labourers, and assisting the other trades ; and, with the exception of 120 plasterers’ 
labourers, they are not in the union ; but the average wages will bo about the same 
as the union labourers, and their hours of labour the same as those of the respective 
trades with which they are connected. There are about 400 painters, paid per 
hour: grainers and ornamental writers from 7^/. to Or/, per hour. Tliey work 52] 
hours per week, and overtime os required. There are 300 smiths and mechanics 
directly connected with the building and stone trade. They have the same hours 
as the joiners and masons, and receive Id. per hour. About one half are in the 
union. There is little clay for hand brick-making in this district, it being largely- 
mixed with stone and shale. Machinery has had to be resorted to for grinding, 
either in the dry or plastic state. After being ground in a plastic state, it is some- 
times moulded by hand, sometimes by machinery ; but when ground dry, of course 
it is always moulded or compressed into brick by machinery. There are about 600 
men and lads engaged in this trade, their working hours being the some as masons. 
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Tlie lads have per hour, the men and some are nukl bv tlio piece, and 
make on the average ^d. per hour. All the Inicks nro Durnocl in lloHman’s, 
Morand’s, Bakers, or otlier permanently built kilns. Tln^se kilns do not emit 
Smoke, and are tlierefoi'e well adapted for buniiiig bricks in towns. They also 
economize coal, the saving compared with the manner of burning bricks before 
their introduction here being e(pial to t*i00 per cent, in value. Still bricks are »‘»0 
per cent, dearer than tliey were twenty }ears ago, arising out of the expensive 
plant, higher rate of coal and wag(‘S, and the gi*eater care taken in their ma- 
niifacture, the bricks being of a superior fpiality Ilian formerly. Although stone 
is largely in use in this district, even for the eoniinoiK'st purposes, \et the number 
of bricks used and the amount of capital eni])loved is a liundrcd times greater 
than twenty years ago. The aiitlior estimates that the turnover in the trades 
for the eiM'etion of buildings in Jiradford only amounts to about .i‘85t),(X)0 per 
annum. There is considerable capital invested in the trade; and Bradford builders 
have a fair reputation for good work, and frequently extend their (operations to 
places at a great distance, the woodwork being almost all made lu're, and in 
some instances the stone has been dressed and tilled for large buildings sixty 
miles away. 

The want of W('ll-in>trii( ted men as masters, forenu n, and leading imui being 
strongly felt in tlu* tratU', induced the ma'^tt r builders (»!' Bradford in iMoJKo esta- 
bli-^h a trade technical evening scbool for tin* \uung m< n engag-<‘(i in the biisim'ss. 
The object of tin* school is to in.struct the men in a seientitie knowb‘dge of th«*ir 
trade; but it has been found neon'ssarv to luue cla.^.^es fi»r readings, m riling-, ajul 
arithmetic, as numbers of tlie npjnt‘ntic('‘‘ have* boon neglected in their elementary 
education, and it is hard to t* acfi technical science* to tho^e who read with diili- 
culty, and whose knowledge of arithmetic is uncertain. Tin'll* are four teachers in 
the school, three of whom hold (fovernimnit certificates: and we ha\c during the 
past year put them under (lovernment in>pection, so that wo obtain paynu'nt (»n 
results. We have had iu all £■2^ from that source. But we are in an unfortunate 
position with our technical education. Tin* class of instnii lion given and lequired 
seems not to Lave bee n understoed hv the Sei< lae and An iN partiueiit ; and up to 
now they have ignored tlie most important knowledge*, that knowh'dge wliich will 
enable a workman coiT('Ctly, scientitically, and in tin* best manner to obtain the 
true lines from which he* can with coidideiicc ])roduce tin* most complicated ]n(K!e 
of work, such as wreaths, twists, cur-v(‘s, and otlier foiins lequired in ^tllircnses, 
handrails, and niasonrv ; the intersi ctions and forms of monlding.s havings dillcrent 
anglfjs; the manner of obtaining the h ng^tli of a ngh*- rafters, and tin* lines for 
cutting the same ; the cut and leng-ths of purlins against angle-i-atU'i-s, csja-cially 
where the raft‘'Z*8 and pnilins are mou]d( d ; a true system of de\(>l(*ping^ ciix‘les in 
all their varieties ; the true lines for the foimathm of eneh st( in* in a circular upon 
circular arch : e\en' stone in this form ed arch lias an im*gailar side, all requiring 
very careful foiniation, and which can onlv he ohlaiia d by a tine development of 
geometric lines; tliis is aho the car e with skew niclies -w Ik n pi optrly executed, 
and when built in laigc aslilar. I'lieK* is nuuli iufoimation of tiiis doscription 
needed hv a first-class w<»rkman, and it is, so far as tin* author knows, a know- 
ledge peculiarly their own. It has not }h(*ii taugdit in seliools. Architects, 
as a cla.«s, know very little of it ; it is workmen's lore : it has been left to them, 
and some 10 per cent, of workmen liave a fair knowledge* of such subjects; 
vcl few, if any, are wlmt per c(*nt. niigdit he if such schools as the Bradford 
Ihiilders’ T( clinical Schools existid tliifughout the country. Jlie (lovennnent 
Examiners for Ceitificates in Building- ('<;nstruction,so far as can b(‘ percei\cd,ai*e 
unacquainted with the exi.stencc of this peculiar scientific workmen's g-eometry ? 
and it would be well if they W(‘re to take counsel witli men wlio are practically 
cngaga*d in onr technical schools— men wlio not only theorize, but go into actual 
practice in the school. We ha\e followed theories in our school with actual con- 
struction. If our pupils are studying- the skew bridge, circular upon circular arch, 
wreaths of wood or stone, roof construction, or such like, the britlg^o or arch is con- 
structed as a practical illustration of the geometric principle or theory. Technical 
schools can never have efficient help from Government mitil this technical kiuiw- 
kdge is better understood by (he Science and Ait Department. Architectural 
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drawing is well understood, mid we find that provision is made for successful 
students in it ; but in this difficult, and to workmen more important branch of 
scientific technical drawing there is no help whatever. The author states that 
from the opening of the school an average of fifty young men have attended 
the classes four nights a week from seven to nine o’clock. The charge is from 
to 5«. per quarter. The majority of the masters pay for their apprentices. The 
schools can accommodate a much larger number than attend, yet the results 
are good. Young men are being properly educated for managers, foremen, or first- 
class woiinnon. It will be found that a good training in the school will fit a innn 
for good employment. A youtli so instructed will be a better citizen as well 
as a better workman. Some say if you educate nuni they will not work. This is 
so if they are educated not to work. If it is impressed ou a lad in his training that 
ho is to have an education to save him from working he will not work ; but if, on 
the other hand, he is brought up with the idea that he must have an education 
when a boy that it may enable him to work when a man, to work with intelli- 
g(ince and skill, then it will be found that he is more industrious than he who 
received little or no education. Those who fear that educated workmen will not 
work are very frequently the same men who cry out against the shortening of the 
liours of labour, and liold out tlu' increasing eompelition with ( lermany and German 
workmen as a reason wliy we slionld continue the long hours and increase our 
industry in every possible manner so that we may preserve our country’s trade 
and commerce. Do they forget that these strong competitors are all educat(;d,. 
and far above what we in this country are likely to be for years to come ? Is it 
not our want of education we liave to feai 

The author concluded his paper with observations on the infiuence of trades’ 
unions on the building tmdes. 


On the lleUtiion of the Banl unj llcserve of the Banlc of England io the Current 
Hate of lnt( rest^, Bg K. II. Inolih Talgrave, F,S,8, 

This paper gives a complete nnal}>is of the ret in ns respecting the Dank of 
England in the Appendix of tlie Ih'port from the Svleit Committee of the House 
of Commons on the Hank Act of lNi7, and tlu‘ one published this year, containing 
a similar statement, continued to tlie clo‘^(‘ of 1872. I3y following out this analysis, 
it becomes clear that the average rate of discount charged by the Dank of England 
depends in general tenns on the proportion borne by the reserve of the Dank to the 
liabilities. Detween 1814 and J872 the average deposits of the Dank have risen 
from I:Di,000,000 to 1:28, 000, 000, the banking reserve from £'8,000,000 to 
£12,000,000, the balance of London bankers from £900,000 to £7,000,000, the 
average of bills discounted from £4,000,000 to £6,000,000, temporar}" advances 
from £1,000,(X)0 to £3,000,000, and the note circulation from £20,000,000 to 
£2r),0(K),000. 

It will be obsen'ed that the proportion borne by the reserve to the liabilities bad 
diminished since 1814 from 58 per cent, at the earlier to 42 per cent, at the later 
date, ^leanwhile the proportion borne by the balances of the London bankers to the 
banking reserve of the Dank of England, wLicli was 10 per cent, in 1844, bad in- 
creased to 62 per cent, in 1872; and the minimum rate of interest, wbieli averaged 
for the years 1844-56 £3 15s. o<7, increased on the average for 1857-72 to £4 Ss 
The details of the proportion of the reserve to the liabilities at each change in the 
rate of discount for the years 1844-72 were given in Tables ; and these show that it 
is the proportion of the reserve of the Dank, the immediate supply of money, which 
governs the current rate of interest. This furnishes n remarkable and exact instance 
of the working of the law of demand and supply. The amount of money generally 
in the country has greatly increased. The amount of banking deposits has dsc 
largely increased. The amount of banking reserve has not increasecl in a like pro- 
portion ; and it is the amount of the supply immediately available wliicli governs the 
price of the commodity required. 

* Published in e.rtenso in the ‘Journal of the Statirtical Society,’ Pec, 187Sj and ala 
separately by E. Stanford, London, 
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0/1 Parity and Impurity in the Use and Abuse of Water, 

By Major-General Millington Synge, B.E., F,S,A,, F.E.G.S., F,R.L,1 

Opinion of a Turkish lady on western habits in the use of water. The contrast 
presented bj Turkish to western habits of obedience to religious injunctions in re- 
spect to cleanliness of person. The systematic corruption of rivers would be impos- 
sible consistently with eastern habits in the use of water. Western nations, even 
when they use water for personal ablution, reclothe themselves in uncleansed gar- 
ments: tlieir houses are externally filthy and often so internally. The use of 
water for assuaging thirst an instinct rather than an act of rt^ason. Analogy between 
sobriety and cleanlineSvS. On the indirect effects on social life of habits of cleanli- 
ness, on the wage-taking classes and on the capiUUist. On the progress of the 
age and the direction of that progress : its dealings with water. On sewer-pollu- 
tion. On the difference between the clean and the unclean. On the science of 
purification. The effects on air, water, and earth of contact with man. The ele- 
ments of the ancients. Fire. On *Svaate,” the meaning in which the term is em- 
ployed. The art of purification. Purification not attained by dilution of the 
impure, which is only spreading iinpuritv : it can be attained only by transmuta- 
tion, the ceaseless miracle of creation. ^I’he contrast bi‘tween transmutation and 
water-carriage of refuse, Avhicli sets all the laws of transmutation at dcdianco : it 
multiplies the volume of waste and causes dangerous evils, and destroys the valiu* of 
a natural fertilizer. The cost of main-drainage *’ of London. The purification of 
waU^r. The standard of purity is a restoration to normal coiulilitm. The conse- 
(^uences of adopting the standard in remedying water-pollution : its easy applica- 
tion. The difficulties caused by sewage-corruption of water increa'icd by tlie voluimi 
employt'd, lleclaniation or restoration to the normal state sliould take place within 
the limits of the locality which causes tlie defilement. On th(‘ piiwtT of intangible 
proportions. The easiness of water-pollution ; but its dire couM^quences. Tlie pro- 
perties of charcoal. The deodorant and disinfectant powers latent in impurity dis- 
covered by Mr. Stanford : it is the restoration of the impure to the condition of 
the pure. 


MECHAXICAL SCIENCE. 

Address fry W. H. Barlow, Esq.y C.E., FJt.E., President of the Section, 

It appears to have become an establi.sh(‘d custom that tin* Pre.sidtmfs of the several 
Sections of the British A.ssociatiun .should say a few words by way of address jirior 
to opening the proceedings of the Meeting ; and while 1 feel that I should neglect 
a duty if I did not comply with this iLsag(», yet I know that I shall have need of all 
your indulgence and support while I endeavour to fulfil it. 

I should have felt some difficulty in the .selection of a subject were it not that 
the genius loci naturally suggests some subject connected with manufactures. 

It has been remarked by an eminent writer that there is no singhj circumstance 
which distinguishes our country so remarkably from all others, as the vast extent 
to which we have carried our contiivances of tools and machines for forming nil 
those articles and conveniences of which so large a quantity is consumed by nlinf»st 
every class of the community. And I think it would be difficult to 8elt*ct a locality 
where the results of thought and study, the achievements of genius, and tlie effects 
of strong good sense ana long practice in the nujchanical arts are more plainly 
shown than they are in the place where we ai-c now met and in tlic surrounding 
district. 

It is, however, not alone in tools and machinery that this country has attained a 
high position ; it stands preeminent also in the utilization of waste or incidental 
products, and in the proauction of new materials. 

In the observations which I have to address to you I shall not attempt a general 
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survey of a subject so vast and so varied as the manufactures of this country, nor 
shall 1 attempt to descrihe the many new and beautiful inventions and mechanical 
appliances which form a distinguishing feature of the age in which we live ; but 1 
shall endeavour to draw your attention to one of the new materials, namely 
modern steel — material which, though of comparatively recent origin, has already 
become an important industry, and whose influence in the future seems destined to 
vie in importance with that resulting from the introduction of iron. 

I have used the term modern steel, because, although the great movement in 
simplifying and cheapening the process of producing steel is necessarily associated 
with the name of Mr. Bessemer, yet we have further important steps taken in a 
forward direction as to the production and treatment of steel by Dr. Siemens and 
Sir Joseph Whitworth and others, botli in this country and abroad. 

It is now seventeen years since Mr. Bessemer read a paper at the Meeting of the 
British Association at Cheltenham, which was entitled “ On the Manufacture of 
Iron and Steel without Fuel.” 

Not long afterwards 1 attended one of the early experiments made by Mr. 
Bessemer in London. On that occasion most of those who were favoured with an 
invitation to b(‘ prijsent saw for the first time that wondtuful process in which, by 
the simple aid of a bhist of atmospheric air and the addition of a little manganese, 
a caldron of melted cast iron was, in the space of some twenty minutes, converted 
into a material wliich approached wrought iron in so far as it was malleable, but 
differed from it in other w^ays, the precise cliaracter and quality of the material 
produced being at that time not fully known. 

I was kindly permitted by Mr. Bessemer to take away with me one of the small 
ingots cast on that occasion, and had it made into a bar in the workshops of the 
Midland Bailway at Derby with the object of testing its strength. 

Just as the bar was finished it broken under the hammer, and an attempt to weld 
it together again, treating tlie metal as iron, failed. This led to a consultation 
among tin* smiths who had assembled round this mysterious bar, and after some 
further trials the metal was unanimously pronounced to be steel. 

Among those who attended that experiment at Mr. Bessemer’s works, there 
were not wanting some of that class who, though they admitted the genius and 
intelligence wbicli devised the process, and expressed their admiration of it as a 
scientific curiosity, were nevertheless very incredulous os to its ever becoming 
practically useful ; and it was not without much labour and skill in surmounting 
the difficulties of the case, indomitable perseverance in overcoming rooted prejudices, 
and great couragt' in undertaking the necessary expenditure, that Mr. BeSvSemer 
succeeded in producing tliat most valuable new material now known as ^‘Bessemer 
steel.” 

It is satisfactory to know that Mr. Bessemer has often expressed his firm con- 
viction that had it not been for the publicity given to liis invention through the 
paper which he read before the ]\Iechanical Section of the British Association in 
l85<i, and the great moral support afforded him by men of science whose attention 
was thereby directed to it, he believes that he would not have succeeded in over- 
coming the strong opposition with whicli his invention was met in other quarters. 

About this time, or perhaps a little later, a material was produced called puddled 
steel,” and about the same time the metal known as ‘‘homogeneous iron.” 

The movement which had begun in the production of cheap steel was further 
assisted and developed by the regenerative furnace of Dr. Siemens, by the intro- 
duction of the Siemens-Martin process of making steel, and further and most 
important progress is suggested by the recent process introduced by Dr. Siemens in 
malting steel direct from the or(\ 

According to the returns published by the Jury of the International Exhibition 
of 1851, the total annual produce of steel in Great Britain at that time was 60,000 
tons. At the present time there are more than 500,000 tons made by the Bessemer 
process alone, added to which ^lessrs. Siemens’s works at Landore produce 200,000 
tons, besides further quantities which are made by his process at Messrs. Vickers, 
Messrs. Cammells, the Dowlais, and other works. 

1 shall not, however, detain you by attempting to trace up the history and 
progress of steel, nor attempt to notice the variou.** steps by which this branch of 
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industry has been brought to its present important position. My object is to draw 
attention to this material as to its use and application for structural and en^ineei'ing 
purposes. 

The steel produced by the Bessemer process was at a very early stage employed 
in rails and wheel- tires. * In both these applications the object sought was endurance 
to resist the effects of wear, and toughness to pre\ ent fracture by blows. There 
does not exist at present suflicient information to determine accurately the relative 
values of steel and iron when used for tht'se purposes. As used for wheel-tires, 
steel had to compete with iron of the highe.st quality, but it is nevertheless intro- 
duced on most of our railways. The iron ust'd in rails was not of such high quality, 
aud the difference in duration show's a very marked advantage in the employment 
of steel, the duration of steel rails being varioush estimated at from three to six 
times that of iron. 

vSteel is also extensively used for ships’ plates, and by the War IK'partment for 
lining the interior of the heaviest guns ; w'hile 8ir Joseph AV hit worth and Messrs. 
Krupp make guns entirely of steel, though for these purposes the metal is of 
different quality and differently treated, in order to withstand the enormous con- 
cussions to which it is subject(*d. 

xVnd, further, we have steel used in railway-axles, crank-axles for engines, in 
boilers, in piston-rods, in carriage-springs, and for many other purposes. 

But, notwithstanding the.se various emplo\ meiit.N of steel, there has been, and 
there continues to be, a ditliculty in applying it to engineering structures in this 
country. 

The want of knowledge of the physical projiertit'S of steel having been the subject 
of remark at a discussion at the Iiistitiilion of (’i\il r.ng-inem's in a ('omniiltee 
(composed of Mr. Fowler, Mr. Scott Kus-ell, (.’aplain (uiltoii, Mr. Berkley, and 
myself) undertook to conduct a series of e\p<‘nments upon this subjtvt. Our 
services were of course rendt'nd gratuitously ; but the expenses of carrying out this 
inquiry, and the 8am])les of steel to be tested, were liU^rnlly furnished by the linns 
of Messrs. Bessemer, Messrs. Jiu). Brown tV Ck>., the Barrow’ 1 hematite Company, 
the Bolton Iron Company, Messrs, (’ainmell t*v: (’o., Messrs. Lhyds, Fosters & Co., 
the New’ark Bridge Company, Messr.s. Naylor, \'ickers Co., Messrs, Turlou & 
Sons, 3Iessrs. Firth k Sons, and Me.ssrs. Siemens. 

The experiments recorded consist of four series. 

The first were made for the Committee by Mr. Kirkaldy with his testing- 
machine in Loudon, and w'ere chiefly directed to a>c»Ttaiii the relation whicli 
subsists betwreen the resistances of tension, compression, torsion, and traiisver.se 
strain. 

In this serie.s of experiments twenty-nine bars, lo feid lonp^, were used, each 
bar being cut into lengths, and turned or planed into suitable forms for the 
respective tests, so that a portion of each bar w as subjected to each of the above- 
mentioned tests. 

The tensile resistance varied in the different qualities of steel fnun tw’enty-eigbt 
to forty-eight tons per inch, and the experiments established conclusively tliat the 
relation subsisting netweeii tlie several resistances of Umsion, compression, and 
transverse strain is throughout practically the same as in w’loug’ht iron ; that is 
to say, that a bar of steel whose tensile strt iigih is 50 per cent, above that of 
wrought iron will exhibit about the same relative increase of resistance under the 
other tests. 

They further showed that the limit of elasticity in stetd is, like that of xvrought 
iron, rather more than half its ultimate resistance. The total elongation under 
tensile stmin, and the evidences of malleability and toughness, wdll be referred to 
hereafter. 

The second series recorded in the book publislu'd by the Committee gave the 
results of tempering steed in oil and w ater, 'i'hey w<*re made by th(‘ officers of the 
gun-factory at the Iloyal Arstmal at Woolwich, and show’ a nnnarkable increase 
of stren^h obtained by this process. This projjfrty of steel is now’ fully recogniised 
and made use of in the steel w’hi<*h forms tlie lining of the laigest guns. 

The third series of experiments wa« made by the Committee upon bars 14 feet 
long, inch in diameter, with the skin upon the metal as it came from the rolls. 
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The object of these expeiimenta was speciall^j^ directed to ascertain the modulus 
of elasticity. They were made with the testing-machine at II. M. Dockyard at 
Woolwich, which machine was placed at our disposal by the Admiralty. The 
bars were obtained, with some exceptions, in sets of six from each maker, three 
bars of each set being used in tension and three in compression. 

Bars of iron of like dimensions were also tested in the same way, in order to 
obtain the relative efiecta in steel and iron. In these experiments sixty-seven steel 
bars were tested whose tensile strength varied from thirty-two to fifty-three tons 
per inch, and twenty-four iron bars varying from twenty-two to twenty-nine tons 
per inch. 

TJie amount of the extensions and compressions were ascertained by direct 
measurement j verniers being for tliis purpose attached to the bar itself, 10 feet 
apart, so that the readings gave the aV'^oliite extensions and compressions of this 
length of tlie bar. 

These experiments, which were very accurately made, showed that the exten- 
sion and compression of steel per ton per inch was a little less than wrought iron, 
that th(^ (‘xteiision and compression were very nearly equal to each other, and that 
the modulus of elasticity of steel may be taken at .‘j0,000,0(X), which result agrees 
with the conclusions arrived at by American engineers on this subject. 

This property of the metal is important in two re.spects. First, because inas- 
much as the extension per ton per inch is practically equal to the compression, it 
follows that the mnitral axis of a structure of steel, strained transversely, will be 
in the centre of gravity of its section, and that the proper proportion to give to 
the upper and lower flanges of a girder, when made of the same quality of steel 
througiiout, will be tlie same as in wrought iron. Secondly, because the modulus 
of elasticity of steed is practically equal to tliat of wrought iron, and the limit of 
elasticity is gr(‘at(‘r, it follows that in a girder of the same proportions as wrought 
iron, ancl strained with an equal proportion of its ultimate tensile strength, the 
deflection will be grt*ater in the steel than in the iron girder, in the ratio of the 
strength of the metals ; so that if it is necessary to make a steel ^rder for a given 
span deflect under its load the same amount as an iron girder of the same span, the 
steel girder must be made of greater depth. 

The fourth s(‘ri(‘s of experiments were made by the Committee on riveted steel, 
and show clearly that the same ruh‘s which apply to the riveting of iron apply 
equally to steel*; that is to sav, that the total shearing ai*ea of the rivets must be 
the same, or ratlnu* must not be le<s, than the sectional area of the bar riveted. 

Having thus obtained a knowledge of the behaviour of steel under different 
strains, wo may trace in what manner its employment would operate on the 
weight of metal required for large engineering structures. But before doing so 
I would call your attention to the question of the absolute tensile strength. 

Taking Mr. Kirkaldy’s experiments in conjunction with those made by the 
Committee, there is a great range of strength exhibited, commencing as low 
as that of the best iron, and extending to about fifty-three tons per inch. 

This great range of strength is due to the different qualities and make of the 
steels tested, and must not be mistaken for irregularity of strength in the manu- 
facture ; ou the contrary, in the experiments made by the Committee, in which 
three bars of each make were broken, the strengths, with the exception of one set, 
are as uniform as in the iron bars similarly tested. 

It is also to be observed that in applying steel to engineering structures we may 
dismiss from consideration those superior qualities which are of high price and 
made in comparatively small quantities. I propose therefore to confine my obser- 
vations to the mild steels, such as are maae by the “Bessemer,’’ the “Siemens- 
Martin,” and other processes, having a tensile strength varying from thirty-three 
to thirty-six tons per inch, a material which is made in large quantities and at 
moderate cost. 

Following the same rule as is adopted for wrought iron (namely, that the maxi- 
mum strain on the metal shall not exceed one fourth of the breaking weight), we 
may consider steel of this quality capable of bearing at least eight tons per inch, 
instead of the five tons per inch estimated for like purposes in iron. 

We know from estabhshed mechanical laws that the limiting spans of structures 

14 * 
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vary directly as the strength of the raaterial employed in their construction when 
the proportion of depth to span and all other circumstances remain the same. 
We know also that, taking an ordinary form of open wrought-iron detached girder 
(as, for example, when the depth is one fourteenth of the span), the limiting span 
in iron, with a strain of five tons to the inch upon the metal, is about (>00 feet j 
and it follows tliat a steel girder of like proportions, capable of bearing eight tons 
to the inch, would have theoretically a limiting span of 900 feet. 

This theoretical limiting span of 0<)0 feet would, however, be reduced by some 
practical considerations connected with the minimum thickness of metal employed 
in certain pai*ts, and it would, in effect, become about 900 feet for a girder of the 
before-mentioned construction and proportions. 

The knowledge of the limiting span of a structure, as has been explained else- 
where, enables us to estimate very quickly, and w’ith close approximation to the 
truth, the w^ei^ht of girders required to caiTv given loads over giv(*n spans ; and 
although the limiting spans vary wdtli every form of structure, we can obtain an 
idea of the eftect of introducing steel by the relative weights of steel and iron 
required in girders of the kind above mentioned. 

Assuming a load, in addition to the weight of the girder, of one ton to the foot, 
the relative weights under these conditions would be as follows : — 



Weight of .steel 

Wei gilt of iron 

Span. 

gird^T. 

girder. 


tons. 

tons. 

200 

57 

100 

000 

150 

:i00 

400 

020 

800 


Again, taking such a case as tliat of tlie Meiiai Ilridge, wliicb consists of two 
spans of 500 feet over the navigabh* waterway. 

This structure is coni])(Ked f»f lour wrought-iron tnlnilar girders, each weigliing 
about ]50() toiivS, or (KKK) tons in all; and in orjb*r to avoid the difliculties of 
scaffolding, each of the'^e tube.s wa> built on tie* .Nhore, lloati^d off on ponloon.H, and 
lifted l)odiIy into its })la(‘e by hydraulic macliimuT. 

This great work was erected when t lie application of wrought iron to engineering 
works was iu its infancy, and when wrought iron was th(‘ only a\ ailable material 
for such a purpo.se. 

With such materials only at command, and in the then state of knowledge of 
structures, the accomplishment of tliis liridge, capable as it i.s of carrying niihvay 
trains across clear spans of 590 feet, wa^* an achievonient far in advance of the 
time iu w^hieb it wa.s done, and worthy of the name of its great designer, Kolx*rt 
Stephen.son. 

But if this w’ork had to be constructed now’, and were made an open girder of 
steel in.stead of plate iron, the weight of metal ref|iiired would be little mort* than 
one third of that used, and the co«t of erection, the time required for its execution, 
and th<^ total cost of its construction wouhl be inoM materially reduced. 

It is not alone in the relative weight or in the ndntivt* r'ost that the advantage 
of the stronger material is important, but w ith steel we shall be enabled to cross 
openings which are absolutely impracticable in iron. 

It will naturally be asked w'hv it is that steel is not uhcmI in these structures, if 
such manifest advantages w’oiilcl result from its employment. 

Tlie reason is twofold : — 

Ist. There is a wuint of confidence as to the reliability of steel in regard to its 
toughness and its power to re.sist fracture from sudden stmin. 

2nd. Steel is produced of various qualities, and we do not ]>(>sseH8 the ineauH, 
without elalwirate testing, of knowing whether the article pr**sented to us is of the 
required quality for structural purposes. A third reason, arising probably out of 
those before mentioned, is found in the fact that in the regulations of the Ikiard of 
Trade relative to railway structures, although rules are given for the (jmployment 
of cast iron and wrrougnt iron, steel has not, up to the present time lx?en recog- 
nized or provided for. 
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Now, as regards the question of toughness and malleability, and referring again 
to Mr. Kirkaldy’s experiments, it appears that in the tests of Bessemer steel 
eighteen samples were tried under tensile strain, the len^h of the samples being 
in round numbers /50 inches, and the diameter VSS2 inch j and that when these 
were subjected to ultimate strain, the elongation at the moment of fi*acture was 
in the most brittle example 2| inches, but generally varied from to OJ inches. 

In the experiments on transverse strain, in which the bars were nearly 2 inches 
square and only 20 inches between the points of support, all the “ Bessemer 
steel ” samples, except two, bent G inches without any crack. Again, in the 
experiments made by the Committee on bars 14 feet long and H inch in diameter, 
out of twenty bars of the mildf'r quality of steel, sixteen extended more than 8 inches, 
and of these ten extended more than 12 inches. 

As another example of thn malleability of steel, 1 may mention that I .have 
seen a pi(^ce of rail, weighing HO lbs. per yard, and 12 feet in length, held by one 
end and twisted at the other, until it made G| complete revolutions before it 
broke. The fracture occurred at one end, leaving about 11 feet of the rail in the 
twisted form which had been gi\ en to it. 

In this twisted state the rail Was laid on two bearings 3 feet G inches apart, 
and subjected to the blow of 1 ton weight bdling 30 feet, and it bore one of these 
blows without breaking. 

1 have also used a considcrabh^ quantity of steel rails, the test to which they 
were subiected being 1 ton falling 20 feet on a 3-feet G-inch bearing, and out of 
the whole number test{‘d there was not one which broke with this test. The 
elfect of the blow was to produce a set of about 2^ inches ; and if the rail was then 
r(*vers(*d and struck on the other side, it became nearly straight again. As a rule, 
the rails yielded to the tliird blow ; but 1 have seen seven blows given without 
producing fracture. 

On the otlier hand, five of the bars tested by the Committee were of inferior 
malleability. 

We bavt‘ also instances in which steel rails break with the jar produced by 
being thrown otl'the waggons on to the balhvst ; and there is no doubt of the fact 
that steel is made and sold which is cold-short, and not reliable for use for 
engineering purposes. This irregularity appears to arise mainly from the dif- 
f(‘n‘iie(‘ in the cliemical constituents of the metal or ores employed, or in the process 
pursued by ditferent makers. 

.\iioth(*r ehmieiit of imcertainty appears to be that, in these modern and rapidly 
made sU‘els, the preeis(‘ time allotted to the several stages of the process, the 
degree of heat employed, and a variety of other circumstances have to oe carefully 
observed, and any inaccuracy in carrying cut the required conditions allects the 
quality of steel produced. 

Nevertheless it is known that in the Bessemer process, if ores or metal of suit- 
able chemical qualities are used and the process of manipulation is properly per- 
formed, the quality of metal produced is certain and regular in it« results. 

In the processes of Dr. Siemens there is not the same necessity for purity in the 
ore or metal required, the nature of the process being, I believe, such as to 
€‘liminate some of th(‘ ingredients which would prevent toughness being obtained, 
while tests may be madt' during the process of manipulation so as to ascertain 
that the metal is of the quality sought before it is run oft* into the ingot-mould. 

Where large castings and metal of great solidity are required, os in making lar^e 
guns, there is the method pursued by Sir J. Whitworth, whereby the metal is 
intensely compressed while in a 11 aid state. 

'Fhe pressure employed is 20 tons per inch, and its eft'ect in producing solidifica- 
tion is such as to shorten the ingot aooui H inch for every foot of kmgth. 

The treatment by compression is especially important where metal is required in 
large masses and of gi*ent ductility, because the larger the mass and the greater the 
ductility, the larger and more numerous are the air-cells, and the eftect of the pressure 
is to completely close these colls and render the metal perfectly solid. 

By this process mild steel can be made with a strength of 40 tons to the inch, 
having a degi*ee of ductility equal to that of the best iron. 

The more highly carbonized qualities, whose strengths range from 48 up to 72 
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tons per inch; show a decrease of ductility somewhat in the same ratio as the 
stren^h increases. 

Without going into the numerous achievements of Sir Joseph Whitworth re- 
sulting from the employment of steel, in connexion with the extreme accuracy of 
woi^manship produced at his works, or doing more than mention the flat-ended 
steel shot and shell which pass through iron plates when fired obliquely or pene- 
trate ships* sides below the level of the water, I would call attention to those 
applications of steel which bear upon its strength and toughness. 

In the first place, thei'e are small arms made entirely of steel, of wonderful range 
and accuracy, capable of penetrating 34 half-inch planks, which is about three times 
the penetrating power oi the Enfield rifle. 

Secondly, there are the large gnus, also entirely (>f steel, throwing projectiles from 
2o0 lbs. to 310 lbs. in weight, and burning from *40 to oO lbs. of powder at a charge, 
vuth which a range of nearly tU miles is obtained. 

In both these cases the degree of strength and toughness required in the metal is 
much greater than is necessm-y for engineering struct uros. 

It is unnecessary to occupy more time in multiply ing examples of the toughness of 
steel. It is well known to manufacturers, and must also b(? well known to many 
others here present, that steel of the strength of 3.3 or .30 ton^ p(T im h can be made, 
and is made in large quantities, at moderatt^ ])rice. possessing all the toughness and 
malleability required in engineering structuri s. 

I will proceed, tlieivfore, to the second part of the suhjoi't — naimdy. the want of 
means of knowing that a given eaiiiplo of steel is of the <puility suited for structural 
purposes. 

With most other metals chemical analysis is in itself a complete and sullicient 
test of quality, but in st<‘el it is not so. ’I'he toughness of ^t4‘el ma\ he alO^ed by 
sudden cooling; and although the eflect (»f this operation, and generally the eflects 
of tempering, are greater when the quantity of carbon i> considerable, yet it acts 
more or less in the mild qualities of steel; so that ^Ye eaimol rely entirely on the 
aid of the chemist, but must fall kick on im^lianicul tt‘>ts. And in point of fact, 
seeing that the qualities required are mechanical, it is no mure tlian reasonable that 
the test should be mechanical ; for this includes nut onl> the test of material but 
of workmanship. 

-Now there are two descriptions of mechanical testing, which may be distin- 
guished as destructive and non-destructive — the one being beymid and tlie otlier 
within the elastic limit of the material. The destructive b st is iliat usualh applied 
to a part of an article manufactured, as, for example, a piece cut olF a boiler-plate 
and tested by absolute rupture, or by Ix-nding or otherwise, whereby the Klreiigth 
and quality of the material in the plate is know n. 

The non-destructive test is that usually applied to the finished xvork, as in the 
test of a boiler by hj^draulic pressun% or th«^ testing of a gun by the proof-charge. 
The strain in this case is maxle greater than that which will arise in the daily use 
of the article, but is not so greatly in excess as toK* beyond the elastic limit of the 
material. 

As regards engineering structures, this second tot is easy of application ; but it 
afibrds no sufficient criterion that the ni<*uil possesses that degree of toughness 
necessary to resist the action of sudden strains. 

It may be said that engineers may ascertain for themselves, by inspection and test- 
ing at the works, that they are being supplied w ith the mabTial that they rt'quire ; 
but assuming that the tests and mode of testing w ere in all respects satisfactory to 
them, and that the metal supplied was of tlie right quality, w e have still to comply 
with the conditions prescribed by the Act for the Kegulation of Kail ways, and wo 
must satisfy the Government Inspector. 

It is not to be supposed that he can attend all the required tests at the w’orks ; 
and the question remains, How is the Inspecting Officer of the Board of Trmle to 
be enabled to distinguish the quality of metal in a fini.shed bridge, w hen he is called 
uprm to give a certificate that it is safe for public traffic ? 

If we could adduce clear and distinct evidence that the metal used for a bridge 
was of a quality which w'ould bear 8 ions to the inch with as much safety as 
common iron caii bear 5 tons, there can be no reasonable doubt that the Board of 
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Trade would make suitable provision in its regulations for the employment of such 
material. 

The difficulty lies in the want of something whereby the quality of the metal 
may be known and relied upon with confidence by others besides those who made 
the article. 

In gold and silver this is accomplished by the stamp put upon them, in guns and 
small arms we have the proof-mark, but in iron and steel we have nothing whereby 
the one quality of metal can be distinguished from another and until some suffi- 
cient means be devised for this purpose, it is difficult to see how we are to escape 
from the position in which we are now placed — namely, that wliile we possess a 
material by which we can increase considerably the spans and diminish the weight 
and cost of fmgineering works, we are restricted to make designs and construct our 
works by a rule made for wrought iron, and adapted to the lowest quality of that 
material. 

As the rule made by the Hoard of Trade in respect of T\TOught-iron railway struc- 
tures may not be generally known, 1 here give it : — 

In a wroiight-iron bridge^, tlie greatest load which can be brought upon it, added 
“ to the weight of the superstructure, should not produce a greater strain on any 

part of the material than five tons per inch.” 

It will be observed tliat this o tons per inch is the governing element, irrespec- 
tive entirely of the quality of metal used ; and it is obvious that a rule so framed 
must act as a discouragement to any (mdeavour to improve the quality of metal, 
while it tends to induce the employmfmt of the cheapest and most inferior descrip- 
tions which can be made under the name of wi ought iron. 

In endeavouring to seek an amendment of the rules, which will permit of the 
employment of steel or other imUal of higher strength than 5 tons to the inch, I 
feel bound to sav that I do not consider that the Board of Trade is alone responsi- 
})le for the position in which the question now stands ; and, as regards the Govern- 
ment Inspecting Officers, I can only say that in the numerous transactions I have 
had with them, and although difierences of opinion have occasionally arisen, yet, 
considering the responsibility which rests upon them, I have found them anxious 
to attbrd all reasonable facilities so far as their instructions permitted. 

The first step to be taken is to put our testing on a systematic and satisfactory basis. 

The second is to establish some means whereby metal wdiich has been tested 
can have its quality indicated upon it in such maimer that it can be practically 
relied upon. 

The experiments before referied to establish, sufficiently for all practical pur- 
poses, that the relation or proportion between the resistances to tension, compres- 
sion, torsion, and transverse strain is about the same in steel as in wrought iron. 

The testing required is therefore reduced to that necessary for ascertaining two 
properties only, namely the strength and the toughness or ductility. 

The strength may be readily ascertained, and no difficulty arises on that head. 

The whole question turns upon the test for ductility, or the resistance to fracture 
by blows or sudden strain ; and it must be admitted that the tests employed for 
this purpose are not framed on any regular or satisfactory basis. 

I may mention as an example the test of rails by a failing weiglit. 

In the first place, as usually applied, it is made a destructive test, the weight and 
fall being such as to bend and render the rail unfit for use, however good its quality 
may be. 

Secondly, being a destructive test, it is applied only to I or 2 per cent, of the 
quantity ; and if this amount bt ar the test, the remainder are assumed to be like 
tliem. I have recently had occasion to know, in a case which came before me re- 
specting iron rails, that this assumption may be entirely fallacious. 

Again, we find 10 to 18 cwt. falling 6 feet used for iron rails, while 1 ton falling 
20 feet and sometimes 30 feet is specified for steel, and yet both descriptions 
of rail are called upon to perform the same work when laid down in the road. 

I believe the falling weight, or, in other words, the test by impact, to be a good 
and searching tost for detecting brittleness ; and it has the advantage of being 
cheap, quick, and easy of application, but it is questionable if it is applied in the 
best manner. 
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Except in cases of accident, when an engine or train leaves the line, rails of the 
weight now used in permanent way are never known to be bent by the passage of 
trains, but brittle rails will break. 

The weight on the driving-wheel of a large engine is about 8 tons ; the amount 
of vertical fall in passing along the line is necessarily very small ; and we know by 
experience that this large weight with this small fall is sufficient to break inferior 
rails, while it leaves the good ones unbent and uninjured. 

What we require of the test by impact is that it should be so arranged as to do 
w’hat the engines do, detect the brittle rails without destroying the good ones ; 
whereas, as now applied, it destroys the 1 or 2 per cent, of the rails submitted to 
the test, however good they may be, wffiile it gives no infonuation whatever 
regarding the remaining 98 or 90 per cent, of the quantity. 

Another test for toughness or ductility which is very useful is the extension of 
the metal beyond the limit of elasticity." 

In testing his fluid-comprised steel, Sir Joseph Whihvorth employs this test 
upon a piece^ of the metal 0 inches in length, hor a length of 2 inclies at each 
end a screw is cut for the purpose of enabling the hydraulic apparatus to bring the 
strain to bear on the sample. The remaining 12 inches between the scrcAved portions 
is accurately turned down until the sectional area is exactly i an inch. 

The i-inple is now subjected to stmin, and the recorded extension occasioned by 
the strain at the moment of rupture is treated as percentage or proportion of the 
2 inches ^tween the screw^s, and is described as cent a (/c of d net iUhf. 

^ Eut it is obvious the measure of ductility so obtained has reference to' the par- 
ticular length and dimensions of the specimen, and would be altogether varied if a 
long bar were tested instead of a short one. 

There is, however, another evidence of ductility which, witliin certain limits, is 
independent of length — that i.s, the diminution of sectional area which takes place 
at the point of rupture ; and the ratio wliich the original sectional area of the bar 
bears to the sectional area of the fractured end appears to aiford a more delinite 
measure of ductility. 

Thus in the experiments of Mr. Kirkaldy, previously referred to. it appears that 
in bars 60 inches long and 1-^82 inch diameter, the sectional area of the fractured 
end w-as in some cases less than five tenths of the original section. 

^ In the bars broken by the Committee, which were 14 h‘et long and H inch in 
diameter, it was in the best samples under six tenths, wdiile the bf‘st qualities of 
wrought iron similaily treated showed a ratio of about five tenths. 

It is to be observed that such a degree of ductility as is presented by these 
samples is not needed in engineering structures, the wrought iron frequently used, 
and I may say generally used, for these purposes l)eing of much less ductility. 

\\ ithout, however, attempting to say what description of test may be found the 
best for ascertaining the projjertv of ductility, it may be ohst^rved that what is 
required for this test is a definite basis to act upon, and that the samples should be 
so made as to render the test cheap, expeditious, and easy of application. 

The next requirement is that when a piece of metariias been tested, and its 
Qualities of strength and toughness ascertained, there should be some means of 
denoting its quality in an authentic manner. 

To a certain extent this is already done in iron by the mark of the maker ; but 
something more than this is necessary to fulfil the required conditions in steel. 

What 18 termed steel, is iron with a small proportion of carbon in it. These two 
ingredients are necessai'y to constitute steel ; and there may or may not be present 
in very small quantities graphite, silicon, manganese, sulphur, and phosphorus. 

In connexion with the experiments made by the Oommittee, 14 of the samples 
were tested by Mr. E. liichards, of the Barrow Steel Works, 5 of which were kindly 
repeated by l)r. Odling. 

Although there are some discrepancies in the results which we cannot account 
for, yet some of the characteristics are brought out clearly. 

It appeare that manganese may be present to the extent of four tenths per cent, 
without injury either to the strengtn or ductility, but sulphur and phosphorus, 
except^ in extremely small quantities, are fatal to auctility. 

In the samples tried by the Coriimittce and Mr. Kirkaldy, the quantity of carbon 
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varied from J per cent, to nearly 1 per cent. ; yet with this small variation in the 
carbon the strength ranged from 33 tons to nearly 53 tons per inch ; and the duc- 
tility, represented by the ratio which the fractured area bore to the original section 
of the bar, varied from five tenths in the tough qualities, until in the harder 
samples there was no diminution perceptible. 

Ail tliese materials are called steel, and have the same external appearance ; but 
possessing, as they do, such a range of strength and such a variation in ductility, 
it becomes absolutely essential that there should be some classification or means 
of knowing the respective qualities among them. 

The want of such classification casts an air of uncertainty over the whole ques- 
tion of steel, and impedes its application. To this want of knowledge is to be 
as(;ribt!d the circumstance that many professional men regard the material as 
altogetlier unreliable ; wliile large consumers of steel, in consequence of the un- 
certainty of the quality they buy in the market, seek to establish w^orks on their 
own premises and make their own steel. 

This step has already been taken by one of the large railway companies, and is, 
as T am informed, contemplated by one of the principal constructive departments 
of the Government. 

My attention has been recently and forcibly directed to the importance of steel 
through having been called upon, in conjunction with Mr. Bidder, Sir John 
Ilawkshaw, Mr. Harrison, and Hr. Pole, to report upon the magnificent work 
d('signed by Mr. Bouch for crossing the Firth of Forth. This great work consists 
of a stifieiied suspension bridge in two spans, each of IGOO feet between the 
supports. 

To construct this work in iron, wdth a working strain of 5 tons to the inch, would 
involve such wtnghts of material and magnitude of strain as to render it virtually 
impracticable ; but in tough steel, capable of bearing 8 tons per inch, it is praticable 
to accomplish it and even larger spans. 

Mr. Bouch has desigm'd the chains of this bridge to be made of steel ; and in 
addition to tlui honour which must attach to his name as the originator of this 
great and important work, he is further entitled to the merit of being the first 
engineer to break through the restrictions which confine our engineering structures 
to wrought iron, and to brave the difficulties which surround the employment of 
st«‘el for railway works in this country. 

I ought, 1 know, to apologize for detaining you so long on this one question of 
steel, but I consider that the difficulties under which it is jdaced are aflecting 
interests of considerable importance. 

Not only is a large and useful field for the employment of steel practically 
closed, but the progress of improvement in engineering structures is impeded 
both in this country and in other parts of the world where English engineers 
are engaged. 

For in consequence of the impediments to its employment in England, very few 
English engineers turn their attention to the use of steel. They are accustomed 
to make their designs for iron, and when engaged in w^orks abroad where the 
Board of Trade rules do not apply, they continue for the most part to send out the 
old-fashioned ponderous girders of common iron, in cases where the freight and 
difficulties of carnage make it extremely desirable that structures of less weight and 
more easy of transport should be employed. 

In conclusion, and while thanking you for the patience with which you have 
heard me on this subject, I would observe that we possess in steel a material which 
has been proved, by the numerous uses to which it is applied, to be of great 
capability and value; we know that it is used for structural purposes in other 
countries, as, for example, in the Illinois and St. Louis Bridge in America, a 
bridge of three arches, each 500 feet span ; yet in this country, where ^'modern steel” 
has originated and has been brought to its present state of perfection, we are 
obstructed by some deficiency in our own arrangements, and by the absence 
of suitable regulations by the Board of Trade, from making use of it in engineering 
works. 

And I have considered it right to draw your attention to the position in which 
this question stands, well knowing that I could not address any body of gentlemen 
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more capable of improving and systematizing our methods of testing, or better able 
to devise effectual means for removing the impediments to the use of steel, than are 
to be found in the scientific and practical men who form tlie Mechanical Section of 
the British Association. 


On the Lisbon Steam Tramways^ 1873. By W. H. Barlow, Jun, 

This paper was a description of the Lisbon steam tramways. The peculiarity of 
their construction is, that the permanent way consists of only one central rail, on 
which double-flange bogie-wheels, supporting the weight of the train, run. On 
each side of this central rail are longitudinal timbers, 9 indies broad, on which run 
the side wheels of the engine and carriages, said side wheels having no flanges. 
The driving-wheels of the engine are 14 inches broad, giving great adhesion in 
running on the timbers. 

This construction possesses great facilities for ascending steep gradients and going 
round sharp curves. The ruling gradient was 1 in 20 ; the curves principally in use 
are from J to 2 chains radius. 

The author of the paper had travelled on the tramway at Lisbon, constructed as 
above, at a pace of twelve miles an hour, and in some places had tra^ elled twenty 
to thirty miles an hour, and could therefore testify to its efliciency, while its 
economy spoke for itself. 

The carriages are further balanced on the central bogie-wheels, so that they run 
like a bicycle ; when running fast the side wheels are scarcely used. 

The author remarked on the want of a construction of this nature for localities 
where the traffic would not justify the outlay necessary for constructing an ordinary 
railway; and, further, that it was a good construction to lay down, pro te?n,, to 
develop the resources of a district, and gradually to be superseded by a regular 
railway. In France and in Portugal it is used as a tramway and laid along the 
public roads, and has been found to answ^er admirably. 


On the Manufacture of Cards for Spinning Purposes*. By Daxiel Batewax. 


On the Saint- Gotthard Tunnel. By C. Bergekox. 


On the Hydrostatic Log’^. By Rev. E. L. Berthon. 


On HuggetVs System of Manufacturing Horse-nails. 

By F. J. Bramwell, C.E., F.R.S. 

The author, in the commencement of his paper, remarks upon the fact that while 
for many years past ordinary nails have been made by machinery, and in more 
recent times even the screws which are used by carpenters (commonly called wood 
screws”) have been so made, the horse-nail has remained in the domain of handi- 
craft, although its simple form and appearance would lead to the belief that it was 
at least as fit a subject to be the product of mechanical skill as is the carpenter’s 
nail, and far more fit a subject than the carpenter’s screw, requiring, as this latter 
does, a number of delicate and complicated processes, all of which processes, how- 
ever, are now most successfully performed by a succession of automatic machines. 

The author then shows that the horse-nail, notwithstanding its apparently simple 
character, has a speciality in its use which demands in it special qualities and 
involves a special manufacture. 

The speciality in its use is that, unlike the carpenter’s nail and screw, which are 
employed to penetrate mere inert and dead matter, the horse-nail has to be driven 
* Published in cxtenso in the * Engineer ’ for Oct. 3 1873. f Ibid. 
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into something alive ; further, that while the nail must be so tough that it can be 
with certainty bent over at the point to clinch it when in the hoof, it must still 
be sufficiently stiff to penetrate the homy substance of that hoof, and to penetrate 
without risk of wandering from the true direction, as were it to do so it would be 
very likely to pass into the interior of the hoof and to lame the horse ; and, as a 
final peculiarity, that the horse-nail when driven in is not there once and for all, 
but in the course of a few weeks it has to be withdrawn, and that there must be 
no risk of breakage in this withdrawal. 

The author then states that about seven years since the Messrs. Huggett set 
themselves to devise means of making horse-nails bv machinery, and that, having 
secured the support of Mr. Moser, a factory was provided and machines were made. 
These, as machines, answered well ; but the nails produced, though fair to the 
eye, were imsound : after endeavouring for a long time to remedy the defect, the 
attempt was abandoned, so far as that particular class of machine was concerned, 
and the whole of them were pulled up and thrown into the scrap-heap. The 
Messrs. Iluggett then again applied themselves to their task and invented 
another machine, which turned out nails, not only perfect in appearance, but also 
perfect in fact. Thenuipon a large factory was tilled with machinery ; but again 
failure and loss were to result, not from the imperfection of the nail, but from the 
inability of the machine to withstand the wear and tear incident to the particular 
nature of its action. Once more the scrap-heap was the destination of property 
which had cost thousands of pounds. 

For a third time the Mej^srs. Huggett set themselves to invent a mode of 
making horse-nails by machinery, which they trusted would not only produce a 
thoroughly good nail, but would endure the test of daily use. 

About three years since Mr. Moser consulted the author and asked him to advise 
as to whether or not a third adventure of capital should be made. 

Having thoroughly investigated the subject, including in this investigation an 
inquiry into the causes of the two former failures, the author came to the conclusion 
and aa\ ised that a trial (a commercial one, but on a small scale, to the extent of 
about £o000 of outlay) should be given to this third invention of the Messrs. 
Huggett. The advice was followed, and the result has been highly satisfactory, 
the working of the process having proved a complete success. 

The author then proceeds to describe the mode of manufacture now followed in 
caiTying out this third invention. 

The material used is the Swedish charcoal iron nail-rod, which is heated in a 
Siemens llegonerative Gas-furnace, a double furnace having two working doors 
(attended by two men) at each end. 

Six pieces of the nail-rod, in lengths of about 2 feet 0 inches, are charged into 
the furnace at each working door. Thirty seconds suffice to raise them to a high 
welding-heat. 

The workman who has charged a parcel of rods then (by means of a pair of 
tongs) takes out the pieces one by one and jerks them endways down an inclined 
shoot, by which they are conducted to a pair of rolls, which seize them in suc- 
cession as thev are presented and roll them through. The author then points out 
that these rolls, and the operations they perform upon the iron, are oi the very 
highest importance in the manufacture, that, in fact, they lie at the root of it. 

The author then describes that the rolls are pattern-rolls, and are so constructed 
that when working together they leave a channel or groove for the passage of the 
nail-rod, which passage, while parallel and of uniform size, so far as regards its 
sideway dimensions, varies in its height as the revolution of the rolls brings round 
the different parts of their patterned surfaces. By the action of the patterned 
surfaces, the rod which had entered the rolls a piece of mere parallel iron about 
2 feet 6 inches long, leaves them as a rod of nail-nlanks 7 feet in length, and made 
up of numerous alternate prominences and depressions, occurring at distances apart 
corresponding to the length of two nails, each prominence being intended for two 
heads and each depression for two shanks. 

Obviously a change of shape so violent must be done at a high heat; and, 
looking at the small section of the iron, the only way to retain the heat during 
the whole rolling is to run the rolls at a great velocity, so that there shafi 
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not be time for tbe iron to cool. With this view the rolls are driven at as 
many as 650 revolutions per minute, giving (the rolls being about 7 inches in 
diameter) a surface speed of about 1000 feet. 

The author then mentions how consecutive work is kept up by the two men 
taking care to alternate their charges of rods into the furnace, so that while those 
first put in are being rolled a second lot are heating. The operations of feeding 
and of rolling each take thirty seconds. 

The author then enters into certain mechanical details as to how the rolls are 
arranged to support the endway strain put upon them by the attempt of the plastic 
iron in the grooves to spread sideways under the vertical pressure. 

The author then pomts out that it is an essential condition of obtaining good 
work from pattern-rolls that they sliould not be overheated, that they sliould not 
be injured by the nearly fluid oxide adhering to the heated iron, and that tlie 
objects produced should oe able to leave the rolls with facility. He then describes 
how the Messrs. Huggett attained all these desiderata by causing a stream of coal- 
tar to impinge upon the very channel or working chamber of the rolls, which 
stream abstracts the heat, affords a lubricant, and at tluj same time supplitvs a film 
(a mere microscopic one) of carbon between the heated iron and tlie surface of 
the rolls. 

The author next remarks upon the necessity of keeping such implements as 
pattern-rolls in perfect repair, and states that with this object it has ueen wistdy 
determined never to allow the rolls to run for more than “one shift’’ without 
adjustment; this being done daily, and being performed by the aid of appro- 
priate tools, is a simple and expeditious operation, not more than , » ^ of an inch 
111 thickness having to be removed. 

The author then proceeds to descTibe that the heated rod of nail-hlanks, after 
they are shot out of the rolls into the receiving-tray, are pulled straiglit, and that 
when cold they are presented, edgeways up. to the action of a pair of plain surface- 
rollers, which press on the top of the prominences, and thus dimini.^h their height 
and proportionately increase their breadth, by which means the metal in the 
prominences is made to project in the direction of the width of the shank of the 
nail, as well as in the previous direction, that of it*^ depth, and is thus disposed in 
the most suitable manner to be subsequently formed into the lieads. 

The author then reverts to the employment in this manufacture of the Siemens 
Regenerative Gas-furnace, and points out how essential it is that for rolling 
(such as that which has been described) there should be non(‘ of that variation of 
size which must occur by waste in an ordinary furnace; and he shows how, by the 
ability which the Siemens funiace afibrds of giving not only a non-oxidizing but 
even a reducing flame, the risk of waste is r(*duced to a minimum ; and states, so 
successful has the appli(*ation of this apparatus been to this particular manufacture, 
that the total of furnace and rolling-mill waste is only 3 per cent., which, looking 
at the small size of the iron heated, and the large proportion the surface bears 
therefore to the weight, is an almost incredibly favourable result. 

The autlior then, proceeding with the description of the manufacture, states that 
the flattened rods of nail-blanks are next taken to the cutting-machine, which has 
three pairs of cutters, so that at each stroke it severs the rod through the pro- 
minences, so as to cut out of each the future heads of two nails, and severs it 
through the thin parts to produce the shanks of those nails, and the cut being on 
a level forms at the same time the rudimentary point, while the third pair of 
cutters shears off a small portion from the point, ana thus rt gulates the nail to the 
exact length. 

The author then describes the peculiar contrivances by which perfect squareness 
of cut is obtained in these particular machines. 

The separated nail-blanks, it is stated, are then examined, and any that may be 
imperfect are thrown out. After this the perfect blanks are subjected to friction 
one against another in a slowly revolving cylinder called a “ Rumbler,” after which 
they are annealed, certain precautions renaered necessary by the character of the 
material and the nature of the article to be produced being taken. 

The author then describes the next process, the one that gives the tine shape to 
the head. This, it is stated, is done in a machine having a vertically reciprocating 
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plunger, carrying the heading-tool, which operates upon the upper end of the blank, 
spreading it out so as to fill a cavity of the shape of the head. Such a cavity is 
formed in each one of a pair of dies, twelve in number, inserted about the periphery 
of a strong bolster-wheel carried on a hoiizontal axis. The blanks to be headed 
are fed by the attendant into the dies, and by the intermittent motion of the wheel 
are brought at the right lime under the action of the heading-tool. There is a 
contrivance by which the halves of the dislcs are grasped firmly together while the 
pressure is being put on the head ; but this grasp is taken off after the head is 
formed, so as to allow the headed blank to be readily discharged. 

An efficient but simple mode of r(‘pairing the headiiig-dies is then pointed out. 

After the heading the blanks are again annealed, and they are then taken to the 
final machine, the shaping-machine. 

The author describes that this machine is almost identical in its construction 
wdth that of the Header,” the difference being that the heading-tool in the vertical 
punch is replaced by one of a proper form to give the fiat-way shape, while a pair 
of side pnjSftes are added which produce the side-way finish. 

Afttir this op(u*ation the nails are submitted to a final examination, then to two 
consecutive “ rumblings,” the first one being with a gritty substance to produce 
extra attrition ; and after these two ‘‘rumblings” the nails are taken to a revolving 
cylinder, like a coffinj-roaster, in wdiich they are heated to such a temperature as 
to produce a deep blu(‘ colour. They are then ready for the market. 

Tiui author concludes his paper by stating that the works, which are situated at 
Niue Elms, m^ar London, are provided with machinery which is now turning out 
five tons of nail^ per week, that he understands that the machinery is speedily 
about to be ver\ much jidded to, to increase the production ; and he then expresses 
his opinion that the* ix'sult of the invention will be not only, as he trusts, a profit 
to the spirited inventors and to the capitalist (Mr. Moser), but also a benefit to 
the public, and a benefit even to the peu'sons now employed in the hand manu- 
facture of horse-nails, which, being a trade that demands scarcely any plant, is 
cairied on in the cottages of the workpeople, is very badly remunerated, is the 
subject of very grt at disturbaiic(\s, in the wa> of trade disputes, and is altogether 
in a most unsatisfactory condition, so far as regards both the remuneration and 
comfort of the workpeople. 

On the Kanf-t/-</!o Coal-enttinr/ Machine, By Dr. W. J. Clapp. 


Proyress of the Throxufh Pail way to India, 

By Hyde Clarke, V,K,, F,iS,S,, Core, Man, Vienna Institution of Engineers. 

In continuation of last year’s Ileport it was stated that in European Turkey 341 
miles are open from Sarem Bey to Iffiilipopoli, and Adrianople to Constantinople, 
wdth a sea branch to Dedeh-Aghadj, in the archipelago. Beyond Constantinople, 
in Asiatic Turkey, the line is at work to Ismid. The only gap is now between the 
Austrian railways and Sarem Bey. 

The alternative line is open Irom Banyaluka to Doberlin in Bosnia, and from 
Keupruly to Salonilfa. 

Iteference was made to the old Persian concessions having passed into the hands 
of Baron de Keuter, and to the preparations being made for proceeding with the 
Kussian connecting section from Keshd, on the Caspian, to Teheran. 


On Brain^s System of Mining by means of Bo nng -machinery, Dynamite, and 
Electric Blasting. By Samuel Davis. 


Further Besidts on the Working of Locomotives with Heated Air and Steam. 

By 11 . Eaton, 
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On the Duty ** of Arrastres in reducing Oold Ore in Italy, 

By C. Le Neve Foster, B,A,, D.Sc,, F.G.S. 

After defining duty ” as the percentage of the total gold contents extracted by 
the machines, the author proceeded to give the results of experiments carried on 
by him for three years (18(39-72) at the Piedimulera Reduction Works, situated at 
the foot of the Val Anzasca, and belonging to the Pestarena Gold-Mining Company. 
The machines used for reducing the ore are improved arrastres, on a plan invented 
by Messrs. T. and J. Roberts and H. lloskings. 

The ore for amalgamation, containing from 9 to 13 dwts. per ton, was very care- 
fully sampled and assayed before it went to the arrastres. The average result for 
the first year was, that the arrastres extracted 73-3 per cent, of the gold in the ore, 
in the second year 78*5 per cent., and in the third year 82 per cent. The author 
called attention to the fact that the average duty of the six winter months, when 
the average temperature of the water su])plied to the mills was 39^ F., was always 
higher than the average duty of the six summer months, when the average tempe- 
rature of the water supplied to the mills was 52^' F. lie considered that the fall in 
duty for the summer months was due to the water being charged with mud from 
the glaciers, whereas in winter the water was quite clear. The fact, however, was 
instanced to show that high duties are quite compatible with cold water. 


On the Irrigation of the Casale District By P. Le Neve Foster, Jun, 


On the Mechanical Treatment of Fibrous Substances, By S. C. Lister. 


On Napier's Pressure Log^, By James R. Napier, F.E.S, 


On Stone-dressing in Bradford, By ARcniBALi) Neii.l. 

There is little machinery at work in the stone trade of the district ; for, although 
stone-moulding and -dressing machines have been at work on Rath, Portland, and 
other soft stones of the southern counties, they are not adapted to work the hard 
stone of this district, the great grinding-power of the stone on the tools being a 
considerable difficultv. We have the ordinary steam stone-saws, that are very 
useful, enabling the builder to cut the stone in such a manner as always to secure 
that when set in the building it shall be on its natural bed. At the same time 
it is a great economizer of material, saving fully 10 per cent. Coulter and Harpin’s 
and the ordinary rubbing-tables are in use, and answer well for flags, landings, and 
common work. Still we want machines that will perform the more expensive 
portions of masons’ work, such as moulding, sinking, and circular work. The 
author exhibited sketches of four machines which he had constructed — two for 
working stone, and two for wood. Though simple, they are yet capable of doing 
a considerable amount of work. In No. 1 the stone is placed on a travelling table, 
and carried against the cutters held on a revolving wheel. The stone is then cut 
to a true face. The grind on the tool is considerable, but the expense in steel and 
sharpening is not so much as in the ordinary masons’ chisel. The work is done 
at one third the cost of hand labour. No. 2 machine is for rubbing stone to a true 
and smooth face. The stone is roughly punched to a shape and fixed on a table. 
This table is moved before the face of a revolving plate, while weights draw the 
stone up against the face of the plate. Sand and water are put on, and the work 
is done at about one third the cost of hand labour. This machine is simple and 
cheap, and requires little power to drive it. The author concluded by exhibiting 
drawings of two machines for working wood. 


* Publiehed in extenso in the ‘Engineer’ for Oct. 3, 1873. 
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On the Sand-Blast Process for Catting and Ornamenting Stone, Glass, and 
other Hard Substances. By W. E. Newton, C.E. 

In tliis process a stream of sand is introduced into a rapid jet of steam or air so 
as to acquire a high velocity, and is then directed upon any hard or brittle sub- 
stance so as to cut or wear away its surface. 

For work, such as cutting or ornamenting stone, where a considerable quantity 
of material is to b(i removed, a steam-jet of from 00 to 120 lbs. pressure has gene- 
rally been used as the propelling agent. The sand is introduced by a central tube 
of about J -inch bore, and the steam issues from an annular passage surrounding 
the sand-tube. The impetus of the steam then drives the sand through a chilled iron 
tube -^-inch bore and about 0 inches long, impartiiig velocity to it in the passage, 
and the sand linally strikes upon the stone, which is held about 1 inch distant 
when a deep narrow cut is desired, but may be 10 or lo inches distant when a 
broad surface is to be operated on. 

This chilled iron tube is the only part of the apparatus which is worn away by 
the (uitting-action of the sand j it is so arranged as to be easily replaced, and lasts 
about ten hours. 

To produce ornaments or inscriptions on stone, either in relief or intaglio, a 
stencil or template of iron or caoutchouc is held on or cemented to the stone, and 
the sand-jet is moved with an even and steady motion over the whole surface, so 
that all the exposed parts may be operated upon and cut to the same depth. 

1'he skill and time of the artist may be devoted exclusively to making the stencil 
or template ; this being prepared, the most elaborate and intricate designs can be 
cut as rapidly as the most simple. A template of cast iron yV inch thick will serve 
to make 100 cuts inch deep in marble, and will then be worn down to about 
inch thickness. ]^Lalleable iron templates last about four times as long as cast iron. 

The durability of caoutchouc as compared with stone, under these circumstances, 
is remarkable. A stencil made of a sheet of vulcanized caoutchouc about inch 
thick, exposed to sand driven by 50 lbs. steam at 2 feet distance, has lasted with 
scarcely perceptible wear while 50 cuts were made in marble, each cut being about 
l^inch deeip, or about 12^ inches in all, or 200 times the thickness of the caoutchouc. 
With a supply of steam equal to about 1-J horse-power, at a pressure of about 
100 lbs., the cutting effect per minute was about IJ cubic inch of granite, or 4 cubic 
inches of marble, or 10 cubic inches of rather soft sandstone. To cut a face or level 
surface on a rough stone, the sand-jet is made to cut a groove about 1 inch deep 
along the whole length of the stone the overhanging edge is then broken oft* with 
the hammer, and the jet is advanced an inch and a new groove is cut, and its 
overhanging edge is broken off, and so on. 

To cut a deep channel, as in quarrying, two jets set at divergent angles are used. 
These jets malfe parallel grooves about 3 inches apart, leaving between them a 
narrow tin or tongue of stone, which is broken off* by a tool j the jets are then 
advanced and new grooves cut. The sides of the channel are parallel, and it is 
made wide enough to permit the whole jet-pipe to enter, so that it may be cut to 
any desired depth, say 8 or 10 feet. 

When effects of a more delicate nature are desired, as when engraving on glass, 
only small quantities of material are to be removed ; the blast of air from an ordi- 
nary rotary fan will then be found sufficient as the propelling medium. 

Sand driven by an air-blast of the pressure of 4 inches of water will completely 
grind or depolish the surface of glass in ten seconds. 

If the glass be covered by a stencil of paper or lace, or by a design drawn in any 
tough elastic substance, such as half-dried oil, paint, or gum, a picture will be 
engraved on the surface by the impact of the sand on the exposed parts. 

Photographic copies, in bichromated gelatin, from delicate line engravings, have 
been thus faithfully reproduced on glass. 

In photographic pictures in gelatin, taken from nature, the lights and shadows 
produce films of gelatin of different degrees of thickness. A carefully regulated 
sand-blast will act upon the glass beneath these films more or less powerfully in 
proportion to the thickness of the films, and the half-tones or gradations of light 
and shade are thus produced on the glass. 
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If we apply tlie sand-blast to a cake of resin on which a picture has been pro- 
duced by pnotography in gelatin, or drawn by hand in oil or gum, the bare parts 
of the surmce may oe cut away to any desired depth. The lines left in relief will 
be well supported, their base being broader than their top, there being no under 
cutting, as is apt to occur in etching on metal with acid. 

An electrotype from this matrix can be piinted from in an ordinary press as from 
a stereotype plate. 

The sand-blast has been applied to cutting ornaments in wood, cleaning metals 
from sand, scale, &c., cleaning the fronts of buildings, graining or frosting metals, 
cutting and dressing mill-stones, and a yariety of other purposes. 


On the Burleigh Bode -drill, Bg John Plant, F.G,S, 


On the Besistance of the Screw Propeller as affected hy Immersion^. 
By Prof. OsBOiiNE IIeynolds, M.A, 


On the Friction of Shot as affected hy different hinds of Biffing. 
By Prof. OsBOLNE IIeynolds, M.A, 


On the Economical Generation of Steam, By Kobert Sutcliffe. 

The steam-boiler as at present constructed seems to be only partially adapted 
for the economical generation of steam, and this because it is expected to fulfil 
somewhat dissimilar conditions. It is required as a generator, as a reservoir, and 
receptacle, and it must resist a pressure always in excess of that which it is intended 
to put upon the steam-engine. As a reservoir for steam it must have cubic capacity, 
which of itself diminishes its power of resisting pressure ; and to enable it to resist 
pressure the plates must be made stronger, and the additional thickness of metal 
which is thus interposed between the fire and the water diminishes the efficiency 
of the boiler as a generator of steam. 

As the pressure is increased, the cubic capacity of the boiler must be reduced, 
thus restricting the reservoir room ; whilst if the reservoir space be enlai’ged, its 
capability of resisting pressure is diminished j it is thus found tliat incompatibilities 
are involved, and that in trying to accomplish one object, another of primary im- 
portance must be sacrificed. 

It would therefore seem that the boiler ought to be treated as a compound 
machine, and be constructed with adjuncts, so that each part may perform its appro- 
priate functions, and separately contribute to the efficiency of the boiler in its tnree- 
fold capacity as a generator, as a reservoir, and as a vessel capable of containing 
steam at a great pressure. 

Where intermittent and irregular motion only is required, large steam spaces 
may not be of much importance ; but in spinning-mills, where extreme and unin- 
termitting steadiness of motion is required, considerable steam space is indis- 
pensable, for the reason that a reservoir of force is as necessary in the boiler as a 
reservoir of motion is necessary in the fly-wheel of the steam-engine. 

The boiler which combines the maximum of advantages with the minimum of 
drawbacks for mill purposes seems to bo the ordinary double-flued Lancashire 
boiler, strongly made and double-riveted and about seven feet in diameter, and 
with the flues well filled with Galloway tubes, upon which the heat impinges at 
right angles, and being intercepted is at once communicated to the water inside 
the boiler. 

This boiler is in itself a good generator ; it affords the requisite reservoir room for 
steam, and can be made to stana a considerable pressure. It is simple in construc- 
tion, and accessible in all its parts for cleaning and other purposes ; but of itself it 
♦ Published in the ‘Engineer’ for Oot. 1873. 
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cannot intercept and, utilize all the heat which is produced, no inconsiderable 

S ortion of which escapes into the waste-flue, and thence to the chimney. This 
eat should be intercepted and utilized by a series of pipes placed in the flue, so 
that the minimum quantity may find its way to the chimney, Wrought-iron 
steam-tubing is the best for this purpose ; it will stand a great pressure, and the 
metal being thin, the waste heat is at once communicated to the feed-water inside 
the pipes ; and, further, wrought-iron pipes do not incur much liability to fracture 
on account of alternating temperature, or from any uncertain or violent action of 
the pumps, or misadventure from other causes. 

In thus endeavouring to utilize fuel to the utmost, other difficulties present 
themselves. The chimney-draft is produced by hot air ; and if this heat is arrested, 
chilled, and absorbed by coming into contact with obstacles in the shape of pipes, 
the surfaces of which are kept comparatively cold by the feed-water inside, the 
chimney-draft is correspondingly diminished and injured; and if the heat were 
altogether absorbed, there would be no chimney-draft at all ; therefore, in many 
cases, the injury to the draft is the direct measure of the utility of the appliances 
for the absorption of the waste heat. In this contingency it is well to have recourse 
to the fan-blast to improve the draft, and thus to supply the reiiuisite quantity of 
oxygen by mechanical means. 

I have learnt from experience that machine firing with the, aid of the fan-blast is 
the most effective. The fuel is supplied continuously, ignition is more regular and 
intense, and the chill and consequent destruction of heat caused by frequently 
opening the furnace-doors is avoided. Steam is raised with a greater certainty 
and at less cost both in fuel and wages by this mode of firing. There is also an 
economy in grate-bars, and greater facility in preventing and consuming smoke. 
To assist the fireman in preventing smoke, it is well to have a reflector of plate 
glass fixed in some convenient place outside the building, so that he may see at any 
moment and at a glance how the chimney top is behaving. No efficient work can 
be performed without good tools, and these in return require the care and watchful 
intelligence of the workman. 

VV^o cannot economize fuel to the utmost without proportionately diminishing the 
power of the boiler as a generator of steam. If the boiler bo furiously fired without 
any regard to economy in fuel, all other things being equal, more steam will be 
raised, though at a greater cost, than if the firing were done carefully. If the heat 
be extracted to the utmost possible extent, the boiler of necessity does less work, 
and the steam raised is less in quantity ; and a similar fact a2)pears in the economical 
utilization of steam in the steam-engine. In the boiler, as in the engine, conflicting 
conditions arise, that whilst we seek to satisfy the one, wo of necessity sacrifice the 
other. In the production of heat it may also be borne in mind that the engine is a 
valuable adjunct to the boiler, to which it may be made to restore a portion of its 
waste heat, which has already done its work as a motive power. 


The Economical Utilization of Steam. Bij IIobert Sutcliffe. 

The primary object which the steam-engine has to secure in spinning- and 
weaving-mills is extreme regularity and steadiness of motion ; compared with this 
economy in fuel, important though it be, is a subordinate consideration. Thus, 
whilst theory tells us to use one engine only with enlarged cylinder area, a pair of 
engines working at right angles give a steadiness of motion and equability of 
pressure unattainable in the other case ; hence the pair is adopted, and the theo- 
retical advantages of a single engine are discarded. When steam is used at a high 
degree of expansion with a single engine, the irregularity of motion is in many 
coses painfully apparent. Weight and velocity in the fly-wheel may diminish 
the defect, but cannot entirely neutralize it ; but with a pair of engines we can 
work with high expansion combined with great steadiness of motion. Where 
steadiness of motion is not of primary importance, economy in fuel may be the 
first consideration. In this case we may work with a single engine with steam 
put upon the piston at high pressure, cut off early in the stroloi and wrought to a 
high degree of expansion. 13ut here our finest calculations are rudely interrupted 
187a 15 
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in practice. The engine at a certain pressure and a certain cut-ofF and at a certain 
velocity may be calculated to do its work at the greatest economy in steam j but 
if the exigencies of trade require more work to be got out of the engine, these con- 
ditions are at once disturbed, and the theoretical mechanic tells me that I am not 
upon the best footing. The precaution must also be taken that the engine must 
in all cases be above its work j but whether above or below its work a theoretic^ 
drawback is involved : if underweighted to begin with, the load, as a rule, is 
bit by bit increased until it is overweighted j and this, not that the manufac- 
turer is ignorant, but that he has sacrificed theoretical advantages to the exigencies 
of his trade. 

Where steadiness of motion is required, it seems preferable to use a pair instead 
of a single engine ; and it is advantageous also to use the steam expansively up to 
a certain point, although by so doing the mechanical result obtainable from the 
engine is proportionately diminished. Where high pressures are used it is better 
to have a compound engine, using the steam throughout the double stroke by 
means of a smaller cylinder exhausting into a larger one. To arrange differently 
involves a great waste of metal in the enmne, and very heavy pressure upon the 
bearings, especially when close to the dead centres ; for the engine must be con- 
structed to resist the maximum strain, even though it be during an inconsiderable 
portion of the stroke only. I am acquainted with a case where high pressure, high 
rate of expansion, combined with great steadiness of motion were required ; and in 
order that this threefold object should be accomplished, a pair of condensing-engines 
were compounded with a pair of high-pressure engines, the four engines working 
all in a block, each engine receiving only its own strain, and all coupled together 
by means of the pinions upon the line-shaft. Here we have four en^nes dividing 
jimongst them, with the most satisfactory results, the work which might be done 
by a single engine of larger dimensions. The strain is equalized over the different 
cranks, fly-wheel, shafts, segments, w'heels, and bearings ; there is the most exqui- 
site steadiness of motion, great economy of fuel, and a complete absence of break- 
downs and accidents. These four engines have now been working in combination 
several years without accident or breakdown ; and this, in itself, is no slight advan- 
tage. Greater economy in steam might be realized by cutting off earlier in the 
stroke, and more work might be got from the engine by cutting oft' later ; but it is 
not always easy, neither may it be desirable, to alter existing arrangements. The 
fact which has already been noted in the boiler reappears in the steam-engine — 
that by economizing fuel to the utmost less work is got out of the boiler, so by 
economizing steam to the utmost, less work is got out of the steam-engine. If the 
pressure upon the piston be 60 lbs. to the inch continued throughout the entire 
stroke, the maximum amount of work is got from the engine ; but in this case there 
is no gain from expansion : but if the initial pressure be (iO lbs., and the cut-off be at 
one eighth of the stroke, the gain from expansion is considerable ; but tlie average 
pressure is 23 lbs. only, being considerably less than half the work which the 
engine is able and which it was constructed to perform. Every part of the engine 
will have been made to stand safely the maximum pressure of 60 lbs., without 
which it would break to pieces at once j the difference between this and the 
minimum is so much strength thrown away. Thus we find that, like every thing 
else in the world, economy itself must be purchased, and sometimes at too great 
a cost ; for even as regards expansion there is a limit at which it ceases to be 
profitable. 

The steam-engine may be made into a valuable adjunct to the boiler as an instru- 
ment for the generation of heat, by retaining and restoring to the boiler a consi- 
derable portion of the waste heat, which has already done its work as a motive 
power. Primarily this is done by using a portion of the injection-water ; but the 
beneficial result may be considerably enhanced by causing this water to travel 
through a series of copper pipes which receive the impact of the steam on its 
passage from the cylinder to the condenser. A consideraole amount of waste heat 
may thus be recovered and utilized, and the injection- water itself is also correspond- 
ingly economized. 

Compounding under its different aspects is here recommended ; nor is there any 
thing in it opposed to scientific or mechanical simplicity. Compound the boilcT 
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proper with its attendant economizer; compound the steam-engine by its high 
pressure and condeiising-cylinders ; compound the motion, and thus render it 
more e(|uable, by having a pair of engines ; and compound the condenser in order 
to recover and utilize the waste heat from the steam and return it to the boiler in 
the feed-water additionally heated. These plans and combinations have success- 
fully stood the test of a lengthened experience, and they are hereby recommended 
for public use. 


On the Centre-rail Railway, By "W. Cave Thomas. 

This differs from other projects bearing a similar title, in which carriages and 
engines are swung, pannierwise, on either side of a raised rail, beam, or wire. 
Mr. Thomas has utilized the scientific principles which maintain the bicycle 
and its rider balanced when in motion. In Mr. Thomas’s central-rail railway the 
engine and carriages are on a level with, or above, the central rail, and run upon 
double-flanged wheels ranged in one line down the longitudinal centre of the train. 
Balance-wheels, which may be applied in several different ways, are only used to 
prevent undue swaying when the train is in motion, or to preserve its balance 
when starting or stopping. 

The central rail in combiration wntli two lines of wooden sleepers, parallel with 
and slightly lower in their level than the central rail, to receive the touch of side 
balance-wheels, is the form recommended for the colonies. In this case three lines 
of metals, of the same level, are laid for some little distance in and out of stations. 


On the Prevention of Incrustation in Steam-Boilers, By John WAroH. 


On the Advancement of Science hy Industrial Invention, 
By Thomas Webster, Q.C., F.R,S, 


On the Assimilation of the Patent Systems of Great Britain and of the 
United States, By Thomas Webster, §.C'., F,Ii,S, 


On a Form of Channel Steamer, By John White. 


On the History, Progress, and Descrijytion of the Bowling IronworJcs^, 

By Joseph Willcock, Chief Engineer, 

There are several indications in the Bradford district that iron "svas manufactured 
here at a remote period of antiquity. It is believed that the Homans both got and 
worked ironstone in the neighbourhood. Dr. Kichardson, the eminent botanist, 
writing to Hearne nearly 200 years ago, stated that iron was made in the neigh- 
bourhood of Bierley, two or three miles from Bradford, in the time of the Komans, 
as upon fl heap of cinders being removed to repair the highway there, he had dis- 
covered a quantity of copper Iloman coins. The ironstone cropped out in several 
places, and in many others it lay very near the surface, so that with making bell 
pits ” there would be no difflculty in getting the ironstone. Within a few miles of 
Bradford there are at work the old established and still flourishing works of 
Kirkstall Forge, which claim to have been the first establishment to use rolls 
for slitting iron into nail-rods, this process having been carried on there so far 
back as the year 1594. Thus Bradford and the district may claim to have made 
Roman implements of warfare, and most probably Saxon, Norman, and old English 
ones likewise. In fact this department was can-ied on up to a very recent period, 
when the Bowling and Low-Moor Works manufactured cast-iron guns and mortars. 

. * The paper will be published in extenso by the Bowling Ironworks Company. 
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At or about 1784 Jam ^.3 Watt was completing his invention of a rotary motion 
steam-engine, the introduction of which was only req[uired to inaugurate a new era 
in the history of the iron trade. It was aboiit*^ this time that the Bowling Iron- 
works were commenced, the first furnace beinjj blown in in the year 1788. Evp 
before that date, however, we have records of some part of the works being in 
existence, and doing a limited trade in foundry and smith work. But as works 
for the smelting of ores, they date from the year 1788, three years in advance of 
the sister works at Low Moor. This was the beginning of the trade of the best 
Yorkshire irons, now so famous for their qualities through the entire civilized 
world. The Bowling Ironworks may properly be considered, therefore, the pioneer 
of that great prosperity which has rendered Bradford famous amongst the commer- 
cial marts of the world. 

The population of the borough when the Bowling works were started could only 
have been about 10,000, as thirteen years later (in 1801) it was not more than 13,264, 
whereas the present population is over 150,000. The establishing of works of this 
kind, at which employment for a considerable number of men would be ensured, 
must at that period have been regarded as an event of much importance. John 
Sturges, of Sandal, Wakefield, an ironmaster of repute, was the first to broach the 
idea of establishing ironworks on the ground they now stand, and to his know- 
ledge of the necessary minerals to produce a superior iron is to be attributed the 
choice of the situation. 

The engine originally erected for blowing purposes was burnt down a few vef^rs 
after it had been at work, and was replaced by the one called the ‘‘ Old Blast 
Engine ” now existing. This was considered to be a great improvement upon the 
first one, as the valve-gear was made self-acting. Below the engine, and con- 
structed in massive masonry work, was made the air-chamber for equalizing the 
pressure of the blast. A bar-mill and a plate-mill were started soon afterwards, 
and were also driven by a steam-engine, a considerable portion of which was con- 
structed on the spot. We find it stated in Smiles’s ‘ Lives of Boulton and Watt ’ 
that notice was given to the Bowling Ironworks, near Bradford, of proceedings 
against the company for the recovery of dues. On this the Bowling Company 
olfered to treat, and young Watt went down to Leeds for the purpose of meeting 
the representatives of the Bowling Company on the subject. On the 24th February, 
1700, he wrote his friend Matthew Kobinson Boulton as follows : — Enclosed you 
have a copy of the treaty of peace, not amity, concluded at Leeds on Saturday last 
between me. Minister Plenipotentiary to your Highness on the one part, and the 
Bowling Pirates in person on the other part. I hope you will ratify the terms, ns 
you will see they are founded entirely upon the principle of indemnity for the past 
and security for the future.” On referring to the private ledger of these works of 
that date, we find that the treaty of peace referred to was purchased at the price 
of £1040. 

The substratum around Bowling is part of the most extensive and valuable coal- 
field in England, stretching from Derby or Nottingham to this district, a distance 
of sixty miles, and ranging about eight miles broad. The seam of coal called the 
‘‘ better bed,” which is one of the valuable elements necessary for the production 
of the best quality of iron, is seated upon a peculiar hard siliceous sandstone termed 
^^galliard,” immediately above the black-bed coal, and resting upon it is an argil- 
laceous stratum of the mean thickness of two yards, in which lies imbedded, in 
irregular layers, the valuable ironstone of this district. The stone wears a dark 
brown appearance, and yields about 32 per cent, of iron. Both coals are caking 
coals, and moderately hard. The ash of the black-bed coal is of a dark purple gold 
colour, similar to roasted pyrites. This coal contains a very large percentage of 
pyiites in a state of intimate mixture in the coal, so that it cannot be seen ; the 
ash fuses readily, is slightly alkaline (due to lime), and contains sulphide of iron 
and a very large quantity of oxide. The works comprise six cold-blast furnaces, 
from which about 300 tons of pig-iron are run per week, five refineries, twenty-one 
puddling-furnaces, forty heating-furnaces, an extensive forge, a tyre-mill for rolling 
steel and iro.i weldless tyios, one guide-mill, one bar-mill, with 15-in. rolls, and 
two plate-mills. A lliird now plate-mill is nearly completed. The powerful 
reversing-en^ines to give motion to this mill are on the principle introduced by 
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Mr. John Kamshottoni, late of Crewe Works; and when the mill is completed, 
plates can ho rolled of the largest superficial area ever yet attempted. IThere 
are also extensive steelworks for making crucihle steel, having about 100 pot- 
furnaces^ which are now in process of extension and improvement by the erection 
of new furnaces on the Siemens and Siemens-Martin principle; to^ be worked 
by Siemens’s regenerative gas-furnaces. Engineering works comprise loimdry, 
smithy, boiler-fitting, millwright, wheelwright, and fitting shops. v i 

The Bowling Company itself supplies almost all the coal and ironstone wmcn it 
consumes, its collieries extending five or six miles in various directions, and the 
main pits being connected together and with the ironworks by tramways worked 
with wire ropes. The total length of these tramways is 21 miles, the ni^ber oi 
pits 42, and the number of hands employed in them is more than 2000. To work 
the pits 01 steam-engines are required, having cylinders varying from 7 to 70 inches 
in diameter, and to supply them with steam 81 steam-boilers are required ot irom 
10- to. 50-horse power each. In the ironworks are 8 blast- engines, with blowing 
cylinders varying from 70 f o 84 inches in diameter, and 14 engines of from 20- to 
00-horse power, to give motion to the various machines, besides numerous sniall 
engines driving separate machines and pumping water for the boilers. The number 
of steam-hammers is 18, and helve-hammers 2. The supply of steam is main- 
tained by 88 boilers, of from 20- to OO-liorse power each, liie number of hands 
employed at the ironworks is upwards of 1000, thus making a total ot upwards of 
3000. The yield per cent, on the raw ore is 82 per cent, of iron, and on the calcined 
ore 42 per cent, ot iron. The following are the relative quantities of minerals for 
producing one ton of Bowling pig-iron: — Baw ore, 8 tons 8 cwt. 8 lbs.; 

calcined ore, 2 tons 7 cwt. 1 qr. 20 lbs. ; limestone ore, 18 cwt. 2 qrs. 12 lbs. ; coke 
ore, 2 tons 5 cwt. 0 qr. 0 lbs. The quantity of pig-iron used to produce one ton 
of bar-iron (finished) is 1 ton 12 cwt. 1 qr. 25 Ibs.^ The limestone is obtained from 
Skipton, and is called locally ^SSkipton old rock.” 

The following is an analysis of Bowling pig-iron: — 

per cent. 


Carbon as graphite . , 
Carbon combined . . 

►Silicium 

Iron 

Manganese 

Phosphorus 

Sulphur 

Titanium 


8‘8G1 

•898 

1-882 

92-{)52 

1-475 

•G02 

•0(58 

tract* 


100-152 


The sulphur in all the samples varies only very slightly, and may iii fact he con- 
sidered identical, the difference in the results not being more than those due to the 
errors of experiment. The phosphorus in all the samples exists m precisely the 
same quantity, the whole of this element present in tlie ore combining with the 
iron The author exhibited a sketch of the original blast-furnace at Bowling, now 
in existence, and working to within two or three weeks, presuming it might be 
interesting to some of the memhers of the Association. He has been f^ld by some 
of the oldest inhabitants of Bowling that there was only one tuyere at first j but 
two have now been used for manv years, the nozzles being 2| in. diameter, and 
the pressure of blast supplied to tliis and the other furnaces 8>2 ounces. Ihe iron 
for plates and bars is taken direct to the refineries or oxidizing hearths. Ihe 
metal is placed upon the hearth, covered with coke, and a blast is forced over the 
suiface. Two tons of refined or plate metal are produced from each charge, which 
is run into moulds cooled by water, the refined metal being about 2 inches thick 
and 12 feet long by 4 feet broad. From the refineries the plate, or retined metal, 
is taken to the piidclling-furnaces for conversion into malleable iron in the usual 
manner, by charges of about 8 cwt. at a time, and each puddling-furnace is charged 
ten times a day. The quality of the iron necessitates more attention from the 
puddler than the commoner classes of iron ; and to insure the extra attention and 
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a uniform quality, a premium is given to the puddlers who have produced the best 
specimens during a turn. The puddled iron is taken under the steam-hammer to 
knock out the slag and impurities, and is made into what are called stampings 
and nobblins.” The stampings are broken into several pieces under fall-hammers, 
piled, heated, taken under a steam-hammer, and made into blooms or billets, in 
which state they are taken to the bar- or guide-mill, reheated, and rolled into round 
or square bars, angle-irons, rods, or such other shapes as may be required. The 
nobblins are piled, heated, taken under the steam-hammer, and made into blooms 
or slabs of various sizes, and afterwards to the plate-mill, where they are reheated 
and rolled into plates. From stampings are made the Bowling-iroji weldless tyres. 
A hole about 5 inches in diameter is punched through the centre of the bloom, 
forming it into a ring of iron. The ring thus made is hooked on the back of an 
anvil, and is hammered with a suitably shaped hammer-head to raise up the flange, 
the ring being constantly rotated on the beck between the blows of tne hammer, 
so that all parts may be evenly worked. At the end of this process the ring begins 
to have some resemblance to a tyre, and is then rolled out. 

The steelworks were erected in the year 1806, and the steel manufactured is 
crucible steel, produced in the ordinary manner in furnaces heated by coke. The 
iron used is scrap from Bowling plates, and its conversion into steel is effected by 
the addition of suitable quantities of carbon, chiefly introduced by Spiegeleisen, 
and also by a mixture of steel scrap. Of the steel produced, a part is used for 
making tyres from ingots in a similar manner to iron tyres and general forgings ; 
and a considerable portion is used for making castings of all descriptions, where 
strength, with lightness, is the desideratum. Arrangements are now being made, 
and are partly completed, for applying Siemens’s gas process for melting the 
crucible steel in suitable furnaces ; and a Siemens-Martin’s furnace is also in 
course of erection for the conversion of pig-iron into steel, which will produce four 
tons of steel at one operation. 

The engineering is done in an extensive range of buildings, where the whole 
of the work and new plant required to keep the collieries and works described in 
repair are made. This department is also aevoted to the construction of engines, 
boilers, See. for the market. In the model-room (one of the finest in the country) 
is a model from which the first wheel was cast for Blenkinsop’s locomotive. The 
boiler-shop is now being extended, so as to be capable of producing from two to 
three boilers per week, besides all descriptions of plate-flanging. The foundry 
has been recently rebuilt upon the old site. 

The distinguished qualities of the Bowling iron are hardness with great plia- 
bility, homogeneity and uniformity of texture, capability of withstanding the action 
of fire and of receiving a brilliant polish, it being used extensively in the Shefiield 
trades on account of the last-named virtue. Works established in the infancy of 
the iron trade, and producing a superior (juality of metal (quality being always 
preferred to quantity whenever the alternative presented itselt), must naturally be 
disposed to conservatism. Besides, repeated experiences have proved the necessi^ 
of keeping to the original mode of working with the minerals and iron. It is 
rarely known to what purposes or tests the iron may be put to on leaving the 
premises ; but it is known that it will have to withstand usage such as no common 
iron or aiw other iron but charcoal iron perhaps could do, and it was for the latter 
tJiat the Bowling iron was originally manufactured as a substitute. Keeping in 
view the production of a uniform quality, changes of whatever description have 
been jealously regarded, and those that have been made have only been arrived at 
by very gradual stages. 
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APPENDIX. 

Notes of some Experiments on the Oondiicthig-powers for Heat of certain Rocks, 

with Remarks on the Geological Aspects of the Investigation, By Prof. A. 8. 
Herschel and G. A. Lebour, F,G,B, 

A subject of considerable interest in a physical and geological point of view, as 
illustrating the questions of underground temperature that have recently occupied 
the attention of a Committee of the British Association, presented itself as open to 
much more extensive experimental investigation than perhaps, from the absence 
of any immediate practical applications of its results, it has hitherto been thought 
worthy to receive. The object which the authors of this communication proposed 
to themselves was to determine experimentally the actual conducting-powers for 
heat of as many well-defined and commonly occurring species of geological rocks as 
they could conveniently obtain, and submit to the test of some suitable and practical 
method of experiment. A collection of more than twenty specimens of rocks of the 
best-marked descriptions were for this purpose selected at the well-known Marble 
and Stone Works at Newcastlc-on-Tyne, of Messrs. Walker, Eniley, and Beall, 
who at the same time undertook to reduce the blocks (together with some addi- 
tional materials obtained elsewhere) to a uniform size and shape, to which they are 
all gauged with the greatest care. The plates are circular, five inches in diameter 
and half an inch thick, and were thus chosen as being nearly of the same dimensions 
as those employed by Peclet in his investigations of the conducting-powers of 
various substances for heat. Considerable labour and risk, however, is incurred in 
working plates of granite and the harder stones of such thinness ; and (as the result 
has shown) the measurements of their heat-conducting powers would have been 
rendered both more exact and easier had a thickness of about one inch instead of 
half an inch been adopted for the plates. A list cf the specimens employed is 
annexed below j and it will be seen that among rocks of very wide distribution but 
of more friable materials, as chalk, coal, sand, or marl, and some more recent sedi- 
mentary contributions to the earth’s crust, no attempt to include them in these 
measurements has yet been made. 

The purpose of the present note is simply to establish from the preliminary ob- 
servations the general bad conducting-powers of the harder rocks, and to corro- 
borate, in the case of a few examples that were numerically reduced, the conclusions 
of a similar description that Avere obtained by Peclet. 

Descj'iption of the Apparatus. — In order to heat the rocks, a flat-topped circular 
tin boiler was provided of the same diameter as the rock plates, upon Avliich they 
could be laid so as to be exposed on their lower side to the heat of boiling water. 
The steam produced by the water at the bottom of the boiler rises through a central 
tube to the top, where it circulates in a steam-space formed by a perforated dia- 
phragm placed round the top of the tube, and it emerges from the side of the boiler 
at the bottom of the annular space formed between the boiler and the central tube. 
The upper part of the boiler is surrounded to about an inch in depth (the depth 
of the steam-space) by a thick ring of wood resting upon a projecting ledge of the 
boiler, and protecting it, as well as the slab of rock placed inside it upon the flat 
lid of the boiler, from loss of heat to the surrounding air. The ring of wood pro- 
jects above the rock so as to receive a flat-bottomed tin vessel (shaped like a conical 
flask) of water, of the same diameter as the rock plate at the base, and contracting 
at the top to a narrow neck, in AA^hich a thennometer is inserted by a cork. When 
the apparatus is in use, a light packing of cotton- wool is inserted between tho 
AA^ooden ring and its contents, to keep them more effectually from contact with the 
outer air. 

Mode of cmidxicting the Experiments, and their Results. — The'heat-conducting power 
of a substance being measured by the quantity of heat that passes through a plate 
of it of known thickness and cross section at a given difference of temperature 
between its two faces of which the interval can be measured, it might at first be 
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supposed tliat by including tlie rock to be tested between tlie temperature of boiling 
water on one siAe, and that of spring-cold water in the thermometer flask on the 
other side, the required conditions of a known difference of temperature would be 
attained, while the rate of ascent of the thermometer in the colder vessel at the 
same time marks the quantity of heat transmitted. But so far are the two surfaces 
of the rock specimens from taking up the temperatures of the metnl plates with 
which they are in contact, that, with tlie rough means of determining their real tem- 
peratures which were first employed, 7io sensible difference tch at ever could be observed 
between them ! The small difierence which without doubt exists is sufficient to 
transmit the small quantity of heat which passes, and the whole rock plate assumes 
very nearly the mean degree of temperature between that of the boiler on one side, 
and of the cold-water flask on its other side. In this state of uncertainty regarding 
the eflective difierence of temperature, it is quite obvious that no conclusions of the 
nature of a numerical comparison can be made between the various rock sections ; 
but a trial of each was yet made in the apparatus in order to determine the rate of 
flow of the transmitted heat. 

Out of six specimens thus tried, slate plates cut parallel to the plane of cleavage 
transmitted the heat faster than any of tlie others. When the flow of heat had 
become uniform, the water was raised 1^ F. in thirty- two seconds. With marble, 
sandstone, granite, and serpentine, about thirty-nine seconds were required to raise 
it by the same amount. The greatest resistance to the passage of heat was offered 
by two specimens of shale (grey and black) from the Coal-measures in the neigh- 
bourhood of Newcastle, which occupied forty-eight or fifty seconds in raising the 
water one degree, or half as long again as the time taken by the plate of slate. 
The black shale is highly fossiliferous, and it allows heat to pass more slowly 
than the other harder and more compact grey species of the same kind of 
rock. 

These experiments were not extended further, as uncertainty regarding the real 
temperatures to which the surfaces of the plates were exposed introduced an un- 
known element into the question of their conducting-powers. Some experiments, 
however, were made, which makes it probable that this difficulty can be removed. 
It was found that the flow of heat is very little diminished by lifting the slabs of 
rock off the heating plate, and also separating them to various distances from the 
thcrmometric flask by introducing felt wads of a few different thicknesses between 
the surfaces. A film of air ( as already observed by Peclet, or eff water if steam or 
water is used to heat the plates) adheres to and protects their surfaces by its bad 
couductiug-pow^er from becoming hot or cold, anti thus opposes a certain resistance 
to the passage of the heat. It is not improbable that the resistance thus produced 
is the same for fresh cut and smoothly ground surfaces of all the different kinds of 
rock ; and by using diflerent thicknesses of one of them its amount might be deter- 
mined and employed as a correction in estimating the conducting-powers of all the 
other kinds ot rock subjected to the trials. Although the results of this method 
would certainly be of the greatest interest in connexion with many practical con- 
trivances for transmitting heat from liquid or gaseous to solid bodies, and the 
reverse, yet a less circuitous method, as affording the desired results more speedily 
to present them to the British Association, seemed to be preferable, and the follow- 
ing direct observations were therefore adopted in their stead. 

A slender iron wire was joined at its two ends by twisting them on to two pieces 
of similar platinum wire, which were connected by long copper wires witn the 
terminals of a Thomson’s reflecting galvanometer provided with a millimetre scale. 
When the twm platinum and iron junctions were warmed to different degrees, the 
galvanometer showed the difference between their temperatures on its scale. The 
twisted junctions Avere fastened on the tops of two email corks, so that they could 
he pressed against the surfaces of the rock ; and in one arrangement the corks were 
attached to the heating and cooling plates of the heat-apparatus, and the thermo- 
electric couples were thus supported by the corks so as to touch the rocks. In this 
position they recorded the state of temperature of the plate of stone in situ^ while 
the heat conducted through it was at the same time being measured by the ther- 
mometer. The divisions of the galvanometer scale were themselves ekjmated in 
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Fahrenheit degrees by inserting a double tin lid between the corks, under the two 
opposite faces of which water of different degrees of temperature was made to cir-i 
culate, and the temperature of the water was made known by thermometers inserted 
in the lids. The other arrangement consisted in fixing the corks to the ends of a 
pair of wooden tongs, so that the rock plate could be pressed between tliem as soon 
as it was taken off* the heater. It was in a first trial of this last arrangement that 
no perceptible signs of heat-difference could be observed between the rock-faces. 
To increase the actual diff'erence, however, the edge of one of the stone plates was 
surrounded with a band of paper, and the upper surface was then covered with 
mercury, upon which the thermometer-ffask was placed, this liaving also been filled 
with niercury instead of water to accelerate conduction. On taking the rock (a 
plate of white marble) out of the apparatus after this treatment, and testing its 
themial difference with the galvanometer, it was found that one surface was about 
7° F. hotter than the other, while the flask containing 9 lbs. of niercury was 
heated F. in about ten seconds. This corresponds to the passage of heat- 
units per hour througli a 1-inch plate of the same rock (1 square foot in surface-area), 
with the same difi'erence of temperature on its opposite sides of about 7“F. For a 
difference of the transmission of heat in the same time would be 47 heat-units, 
while the value obtained by Peclet for fine-grained white marble was 28 heat-units 
per hour. It is evident that some of the difference of temperature between the sur- 
faces of the plate subsided and disappeared in lifting it out of the heating-apparatus 
and transferring it to the galvanometer, so as to make the conducting-power of the 
plate appear to be about half as great again as its known value. The galvanometer, 
which at first marked 7°, rapidly sank to zero as the rock was moved about between 
the cork projections. 

The other disposition of the iron-platinum couples (on corks fixed to the heating 
and absorbing plates) touching the rock-surfaces during the heating operation, was 
found to introduce errors in the opposite direction by showing, apparently from the 
conducting-power of the cork supports, greater temperature differences of the sur- 
faces than can reasonably be supposed to have existed. Thus with the same plate 
of white marble a temperature difference of 50° F. was recorded, instead of 7° F. 
as in the former case ; while 204 heat-units per hour was the rate of conduction 
through a plate of standard size for that difference, corresponding to only 5^ heat- 
units for a difference of one degree, and not exceeding a fifth part of the value found 
by Peclet. The same process was tried with the two kinds of shale, and showed, as 
before, that their conducting-power is much less than that of fine-grained marble, 
the quantities found for their conducting-powers being 2^ and 2 heat-units per 
hour, or less than half as great as that of marble. The heat-conducting poAver of 
ordinary calcareous stone is similarly found by Peclet to be about half as great as 
that of fine-grained marble, the latter varying between 22 and 28, and the former 
between 11 and 13 ; and the results of further tiials Avill, without doubt, confirm 
more closely the exact values which he assigns. 

Had time allowed the experiments to be repeated with a new arrangement of 
the apparatus, the sources of error peculiar to each of the above methods would 
have been readily removed, as their origin is in each case easily explained j and 
another series will be undertaken with the excellent collection of rock sections that 
have now been provided for them. In draAvingup this description of the first trials 
to which they were subjected, it is sufficiently interesting to observe that not only 
the relative values but also the absolute quantities of the heat-conducting powers 
of different substances obtained by Peclet are approximately confirmed, since certain 
kinds of stone are found to have less than half the conducting-poAvers of other kinds ; 
and in the case of marble the quantity of heat passing through a square-foot plate 
one inch thick per hour, with a difi'erence of 1° F. between the opposite faces, was 
found in tAvo trials (giving the conductivity respectively in excess and defect) to be 
between 42 or 47 and 5 or 7 heat-units, while the A^alue of certain marbles found 
by Peclet varied from 22 to 28 heat-units. The corresponding numbers obtained 
by Peclet for certain metals, as copper, iron, and lead, are 515, 233, 113 heat-units 
per hour, or many times greater than those of terrestrial rocks. The latter 
occupy an intermediate place between the metals and such substances as the various 
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kinds of wood, of wlxich the conducting-power is between 1 and 2 heat-units 
per hour. 

^ The following is a list of the rocks of which circular sections of the above uniform 
size have been provided for this examination : — 

1. Grey (Aberdeenshire) granite, 

2. Rea Cornish serpentine. 

3. Green Cornish serpentine. 

4. Whinstone. 

5. Gannister. 

6. Slate (parallel to the cleavage). 

7. English alabaster. 

8. Italian white -veined marble. 

9. Sicilian white-veined marble. 

10. Devonshire red marble. 

11. Cork red marble. 

12. Irish green marble. 

The foregoing observations arc not only of very great interest from a purely 
physical point of view, but I venture to think liavea certain geological importance, 
especially as regards underground temperature and all the numerous geological 
problems depending on it. Even with the meagre array of actual readings which 
it has been possible to arrive at in time for this Meeting, certain results have been 
obtained which give, I think, great promise of the value of these investigations when 
we carry them on with the modihed apparatus already described. It will scarcely 
be necessary at this early sta^e of the work to do more than call the attention of 
the bection to its theoretical oearings as regards geology^ 

In the first place, it seems to be proved by our experiments that the conducting- 
power of diflerent rocks varies strictly according to their lithological character. 
Very crystalline^ rocks, such as granite and serpentine and statuary marble, allowed 
heat to pass rapidly through them j slate plates, with their uncrvstalline compact 
structure, had a still hh^her degree of conductivity. The crystalline nature of a 
rock alone is not, therefore, the lithological test of its conductivity. The lowest 
powers of conductivity were found to belong, among the specimens experimented 
on, to shale j the black shale, which was lower than tlie grey, is softer and more 
argillaceous than it, the grey shale having a considerable admixture of arenaceous 
matter and mica. ^ The difference, however, bet^veen these tw'o was so slight that, 
in the present prelinxinary researches, when much must be allowed to error, it may 
be left out of consideration altogether. It would appear, then, from these facts, 
that a certain compactness, accompanied by cleavage, is favourable to the passage of 
heat through rocks j and if it be admitted that what is true for small thicknesses 
is also true for great ones, we may be justified in supposing that the vast masses of 
clay-slate, and perhaps to a still greater extent their more metamorphosed and 
cn^stalline schists (which we know to extend to great depths), are so many points 
of weakness which must have their influence in the secular cooling of the earth. 
On the other hand, points of resistance may be assumed to exist and to be formed bv 
the great sedimentary accumulations of shale, and probably also of clay and other 
argillaceous unaltered rocks. In a column, therefore, composed in part of cleaved 
clay-slate and in part of shale, the easy passage of the internal heat outward through 
the first would be checked through the other in the ratio, roughly speaking, of 5 to '8. 
This becomes a stupendous diflerence when we apply it to the thicknesses yve are 
acquainted with. If we imagine a thick covering of shale or clay, or some other 
rock "^th a very low conductivity, which has arrested in its course the heat passing 
up ^ it through underlying rocks with a high degree of conductivity T — if we imagine 
such a surface-covenng removed (as we know that they frequently have been) by 
evident that the equilibrium of the heat-resisting covering of the 
earth will be altered, not only at this particular spot, but also wherever the material 
^moved IS being redepositea. We may say, in other words, that we stand nearer 
i e great central source of heat when we stand on slate than we do when we stand 


13. Kilkenny fossil marble. 

14. Frosterly fossil marble. 

15. Cumberland (Dent) marble. 

K). Congleton second gritstone. 

17. Red Galashiels sandstone. 

18. Kenton sandstone, 

10. Ileworth sandstone. 

20. Prudham sandstone. 

21. Fossiliferous black 1 from near 

shale. > New- 

22. Common grey shale, ) castle. 

A. S. IIekschel. 
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on shale. When the experiments in hand have been repeated and largely added to, 
it is hoped that this accession or loss of conducting-power in connexion with 
the ordinary agents of geological force may be (perhaps only approximately) 
expressed numerically. One might even suppose that tne disturbance of heat- 
transmitting equilibrium has something to do with the distribution of volcanic and 
thermal phenomena. Without, however, treading further on such dangerously 
speculative ground, we may hope, by dint of careful experiment of the kind now 
brought before the Section, to throw some light on the curious discrepancy which 
is constantly being noted in observations ot underground temperature taken at 
difierent places, the rate of transmission of heat (for which we hope to make in 
time lists and tables) being manifestly intimately connected with that subject. 

G. A, Lebouh. 
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earth system, 415; Earlswood sewa;:t'- 
farni, 414; Iketon’s farm, Romford, 
415 ; abstract of previous reports, 
458 ; conclusions arrived at by tlie 
committee, 440. 

Ships, instruments for measuring the 
speed of, report of the committee ap- 
pointed to make experiments on, 4(50. 

Siemens (Dr.) on dynamical and elec- 
trical units, 222. 

Smith (Prof, 11. J. S.) on mathematical 
tables, 1 ; on instruction in elementary 
geometry, 450. 

Spectral rays, report of the committee 
appointed to construct and print cata- 
logues of, arranged upon a scale of 
wa^ e-niimbers, 2 JO. 

Speed of ships, report of the committee 
appointed to make experiments on 
instruments for measuring the, 4(30. 

1873 . 


Spottiswoode (W.) on instruction in ele- 
mentary geometry, 459. 

Stainton (11. T.) on science-lectiu'es and 
organization, 405. 

Stewart (Prof. Balfour) on science-lec- 
tures and organization, 405. 

Stokes (Prof.) on mathematical tables, 1. 

Stoney (G. .J.) on dynamical and elec- 
trical units, 222, 225 ; on constructing 
and printing catalogues of spectral 
rays, arranged upon a scale of wave- 
numbers, 240. 

Sub- Wealden exploration, report on the, 
490. 

^ geological report, by W. 

Topley, on the, 401. 

Sun-spot periodicity, C. Meldrum on a 
periodicity of cyclones and rainfall in 
conn(ixioii with the, 460. 

Swan (Prof.) on constructing and print- 
ing catalogues of spectral rays arranged 
upon a scale of wave-numfcrs, 240. 

Syl\ ester (Prof.) on the rainfall of the 
British Isles for the years 1872-75, 
257 ; on iustnictioii in elementary 
geometry, 450. 

Symons (G. J.) on underground tempe- 
rature, 252 ; on the rainfall of the 
British Isles for the years 1872-75, 
257. 

Tait (Prof.) on the detennination of 
high temp(Tatures by refracted rays, 
4()1 ; on science-lectui’es and organiza- 
tion, 405. 

Temperature, underground, si.xth report 
on tlie rate of increase of, downwards 
in various localities of dry land and 
under water, 252. 

Temperatures, high, on the determination 
of, by refracted rays, 46 J. 

Thomson (Dr. A.) on science-lectures 
and organization, 405. 

(J.) on the I^abyrinthodonts of 

the coal-iiioasures, 225 ; on the struc- 
ture of carboniferous-limestone corals, 
470. 

(Prof. Sir W.) on mathematical 

tables, 1 ; on earthquakes in Scotland, 
104 ; on dynamical and electiical 
units, 222 ; on underground tempera- 
ture, 252; on the determination of 
liigh temperatures by refracted rays, 
4(>1 ; on science-lectures and organiza- 
tion, 405. 

(Prof. '\Vy\ ille) on the foundation 

of zoological stations, 408; on science- 
lectures and organization, 405. 

Tinn(5 (J. A.) on aciencc-lectures and 
organization, 405, 
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Tomlinson (C.) on the rainfall of the 
British Isles for the j^ears 1872-73, 
257. 

Topley (W.) on the Sub-Wcalden ex- 
ploration, 400; geolopcal report on 
the Sub-Wcalden exploration, 491. 

Townsend (Rev. K.) on instruction in 
elementary geometry, 450. 

Treatment and utilization of sewage, 
report on the, 413. 

Tristram (Rev. Canon) on the desirability 
of establishing a close time ’’ for the 
preservation of indigenous animals, 
346. 

Tiinier (Prof.) on science-lectures and 
organization, 49o. 

Tylor (E. B.) on the preparation of brief 
forms of instructions for tmvcllers, 
ethnologists, »S:c., 482. 

rudergi'ound temperature, sixth report 
on the rate of increase of, downwards 
in various localities of dry land and 
under water, 252. 

Units, dynamical and electrical, first I’e- 
port qf the committee for the selection ; 
and nomenclature of, 222. i 

, G. J. Htoney on, 225. 

I’tilization of sewage, report on the ; 
treatment and, 413. 1 

1 

Venus, Prof. A. Schafarik on the visibi- 
lity of the dark side of, 404. 

Vivian (E.) on the exploration of Kent’s 
Caveni, 108. 


Waves iieai’ shore, report on machinery 
for obtaining a record of the roughnosa 
of the sea and measurement of, 495. 

Way (Prof. J. T.) on the treatment and 
utilization of sewage, 413. 

AVillott (II.) on the 8ub-Wealden ex- 
ploration, 400. 

'W illiaiusoii (Prof. A. W.) on the treat- 
ment and utilization ot sewage, 413 ; 
outlie monthly reports of the progi’css 
of chemistry, 451 ; on the determiua- 
. tion of high temperatures by refraet(‘d 
rays, 4()1 ; on science-lectures and or- 
ganization, 495. 

"Wilson (J. M.) on instruction in ele- 
mentary geometry, 459. 

Woodward (II.) on the Labyrinthodonts 
of the coal-measiirt‘s, 225; on fossil 
CTuslacea, 394 : on the Sub-Wealden 
exploration, 41X). 

Wright (Dr.) on the chemical constitu- 
tion and optical properties of essential 
oils, 214. 

Young (Prof J. ) on erratic blocks or 
boulders, 188; on science-leetures and 
organization, 495. 

Zt)oh)gical stations, report of the com- 
mittee appointed for promoting the 
foundation of, in dill’enuit parts of the 
globe, 408. 
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MISCELLANEOUS COMMUNICATIONS TO THE 
SECTIONS. 


[An asteriil' (*) mgnijies that no abstract of the commuua atioa U (jivt-n.'] 


Abiogeno.^is, Dr. Burdon Saiidersun ou 
Huizinga’s oxporiments on, l.'U. 

Aconitia. crystalline, and pseudo-aco- 
nilitt, Dr. T. K. Fra«<er on the physio- 
logical action of, 128. 

yKthoreal friction, Prof. B. Stewart on, 

* Africa, (b Cora on the cn^uatorial lake.s 

of, 1({7. 

•African coast, the east. Major E. Smith 
oil tin* trade of, 1 7d. 

Alcock (Sir Butherford), Address })y, to 
the (loopaphical Section, loO. 

•Alcohol, Dr. Binz on tlio action of, on 
wariu-bloodi'd animal.'-, 12-1. 

Alexander (Major-(5eu, Sir J.) on the 
use and abu.se of pent, I8d. 

•Algn?, para.sitie, M . Archer on, 104. 

• , the fucaceous. Prof. P. M. Duncan 

on the inoti<^n of ju’otopla.sin in, 120. 

•Allen (A. H.) on the detection of adul- 
teration of tea, 02. 

Allman (Prof.), Address by, to the Bio- 
logical Section, 94 ; on some recent 
results with the towing-net on the 
south coast of Ireland, 100. 

Alplia- and beta-napht hylic sulphide, 
Dr. H. E. Annstrong on, 02. 

America, the migrations of man in. II. 
(^larke on the comparative chronology 
of, in relation to comparative philo- 
logy", 141. 

Ammonitic septa. Prof, l^hillips on the, 
in relation to geological time, 80. 

spiral, Prof. I'liillips on the, in re- 
ference to the power of notation at- 
tributed to the animal. So. 

Anatomy and Physiology, Address by 
lh*of. Rutherford to the department 
of, 110. 

Anemograph, a new electrical, Cb 
Whipple on, dO. 


Aneroid for deterniining heights, an im- 
proved form of, with a means ot 
adjusting tlie altitude-. scale for vari- 
ous temperaturc'=», U. Field on, 40. 

Annual governinental capital and current 
expenditure, ]’\ P. h'cliow.s on the 
advisability of a,sc»‘rlaiiiiDg our, 180. 

•Antelopes, \V. Phinford on tlie dis- 
tribution of the, in SoutluTii and 
M'estern A.'^ia, 110. 

•Anthracene, commercial crude, Dr. 
l*aul and A. 1 ), (Jownley on the valua- 
tion of, ('•"). % 

Anthropology, a true cerebral theory 
necessary to, by Dr. Kaines, 140. 

, Addre.>j.s by Dr. Beddoo to the 

department of, 104. 

Appleton (0. E . ) on some of the econo- 
mical aspects of endowments of edu- 
cation and original research, 180. 

Arcada?, the Briti.sh Palteozoic, J. L. 
Lobley on, 84. 

Archmlkcm Karreri, a new type ot 
Carboniferous foraminifera, ll. B. 
Brady on, 70. 

•Archer (W.) on parasitic algm, 104. 

•Arctic explorations, recent, C. lb Mark- 
ham on, 172. 

Arenig and Llandeilo rocks of St, 
David’s, II. Hicks on the, 82. 

rocks, the I pper, Kanisey Island, 

8t. David s, J. llopkiuson on some 
-graptolites from, 82. 

Arithmetic, J. W. L. Glaisher on the in- 
troduction of the decimal point into, 13. 

•Armadillo's teeth, C. S. Tomes on the 
development of the, 134. 

Armstrong (Dr. IT. E.) on alpha- and 
heta-iiaphthylic sulphide, C2 j on the 
action of sulphuric acid on ethyloni- 
line and dimethylaniline, 62 ; on 
crcsol derivatives, '63. 
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-Vrrastres, C. Le Xevo Foster on tlio 
of, in rediicinu: gold ore iii 
Italy, 214. ' I 

Artificial magnetite, J. Spiller on, C6. 

Ashantee and Fantee languages, II, 
Clarke on the, 142. 

Asia, Central, W. T. Blauford on the 
physical geography of the Deserts of 
Persia and, lt>2. 

♦ . Southern and Western, W. T. j 

Bianford on the distribution of tlie , 
antelopes in, 110. ! 

Assam and an overland communication ^ 
with China, Dr. .T. Al'Cosh on, 172. 

♦Axis of least moments in a rectangular 
beam, J. Neville on the, 32. 

♦Bacterium, E. B. Lankester on a peach- 
coloured, 110. 

♦Baines (T.) on a tree-aloe from S.E. ; 
Africa, 1()4. 

Ball (Prof.) on a geometrical solution ! 
of the problem of the impulsive mo- i 
tion of a body having three degrees 
of freedom, 20 ; contributions to the 
theory of screws, 27 ; *011 dynamo- 
meters in absolute measure, 44. 

Bank of England, K. II. I. Palgravc* on 
the relation of the banking reserve of 
the, to the current rate of inlere.*«l,109. 

Barlow (W. II.), Address by, to the 
Mechanical .Section, 200. 

( W. II., jun.) on the Lisbon steam 

tramways, 1S73, 210. 

♦Barrett (W. F.) on tlie molecular 
changes that accompany the magneti- 
zation of iron, nickel, and co]>aIt, 40; 
♦on the relationship of the magnetic 
metals, iron, nickel, and cobalt, 40. 

♦Bartley (S. C. T.) on the poor-law and 
its cliect on thrift, ISO. 

♦Bateman ( D.) on the manufacture of 
cards for spinning piiipo.se.'^, 210. 

Beddoe ( Dr. ), Address by, to the J )e])Hrt- 
ment of Anthropology, 134 ; on the 
Iberians, 140. 

Beke (Dr. (’. T.) on the true position 
and physical characters of Mount 
8inai, 101. 

Benefit building .societies, J. A. Binns i 
on, ] i 

Ikuinett (A. W.) on the movements of 
the glands of JJro<ira, 123. 

♦Berber and 8ouakim, Fapt. BokcLy on 
the survey for a telegraph-line between, 
173. 

♦Bergeron fC.) on the .Saint-Gotthnrd 
tunnel, 210. 

♦B(u*nuidu, II. N. Aloseley on the vcgc- 
talioii ol‘, 105. 


♦Bermuda, Prof. T. Dyer on the plant.H 
collected b}^ Mr. ll. N. Moseley in, 
104. 

♦Beithon (Bev. E. L.) on the hydro- 
static log, 210. 

Binns (J. A.) on benefit building so- 
cieties, 185. 

♦Binocular vision, some abnormal effects 
of, A. S. Davis on, 120. 

, , S. Davis on, 30. 

♦Binz (Dr.) on the action of alcohol on 
warm-blooded animals, 124. 

I Biological Section, Address by Prof. All- 

I man to the, 94. 

1 Birds and reptiles, If. \\'oodward on 
new facts bearing on tlie inquiry con- 
cerning forms intennediate between, 

, 93. 

i observed in the We.st Biding of 

Yorkshire in former and recent yeiu*.s, 
T. Lister on, IKk 

♦Birt (W. B.) on the importance and 
necesrity of continued systematic ob- 
servations on th(‘ moon's surface, 34. 

Black deposits of metals. Dr. J. II. Glad- 
stone on, 

Black Sea and the ('aspian, Dr. Car- 
penter on the physical geography of 
the Mi dittU’rancan, considered in rela- 
tion to that of the, Kfi. 

I Blake ( Bev. J. F. ) on additional remains 
of pleistocene mammals in Y'orkshire, 

' 75 . 

Bianford (W. T. ) on some e\idence of 
glacial action in tropical India in 
Paheozoic ('or the (►Idi'.st Mesozoic) 
time.s, 7(5; *011 tlui distribution of the 
antelopes in Soiuliera and W'estern 
Asia, 1 10; (ui tlie fauna of Persia, 
110; on the jdivsical geography of 
tlie D(‘serts of Persia and Gentral 
Asia, 1(J2. 

; Ble4‘k (Dr.), Bushman ri\9earches of, 
11. Clarke on tlie report concerning-, 
142. 

I Bosphorus and Dardanelles, Dr. (’ar- 
piuiter on the undercumuits of the, 41 . 

♦Botany, Prof. Law.son on a course* of 
practical instruction in, lO^Y 

Botly ( W.) on dwellings fur the indus- 
trial clas.«e8, ]80. 

Bowling Ironworks, J. Willcock on the 
history, progress, and description of 
the, 219. 

Bradford. A. Neill on stone-dressing in, 

214 , 

building trades, A, Neill on the, 

lOG. 

♦ ^ pr. Willis on the flora of the 

environs of, 10(5. 
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Bradford, J. 1 fan, son on educational bla- 
tistics of, 181). 

Saving:s-bauk, T. llaig on the East 

IMorley and, 188. 

, such of the industries of, as relate 

to its geological 2 )f)sition, J. Brigg on, 
70. 

, Yorkshire, 11. Russell on the g(‘o« 

logy of the country round, 88. 

Brady (II. B.) on Archcedisem Karren) 
a new type of Carboniferous foramini- 
fera, 70. 

Braham (P.) on experiments on light 
with circularly ruled plates of glass, 
00 . 

Brain, Prof. Ferrier on the localization 
of function in the, 120, 

, Dr. J. M, Fotliergill on heart and, 

127. 

Brain’s system of mining by means of 
boring-machinery, dynamite, and elec- 
tric blasting, S. l)avis on, 210. 

Bramwell (F. J.) on Iluggett’s system 
of Jiianufacturing liorse-nails, 210. 

Brigg (J.) on such of the industries of 
Bradford as relate to its geological 
}H>^iti(m, 70. 

BrJish (luiana, F. AV. Rudler on stone 
implements from, 118. 

Isles, (i. M. Whipple on th<‘ 

pa.ssage of sr|ualls across tin*, 44. 

Jhila-ozoic ArcadiC, J. J.. Lohley 

on the, 84. 

•Bromacelic acid, Prof. Crum Brown on 
the action (»f sulphide of metliU on, 
<50. 

•Brown (I'rof Crum) on the action of 
Fulplnde of methyl on bromacetic acid, 
00 . 

Brunton (Dr. L. ) on pliysiological re- 
Fearches on the nature of cholera, 124. 

Ihickland (A. W. ) on th(‘ seiiKuit in 
connexion with piimiti\e metalluriiv, 
140. 

Building trades, the Bradford, A. Neill 
on, 100. 

•Burleigh rock-drilh J. Plant on the, 

210 . 

Bushman researches of Dr. AV. 11. Bleek, 
PlhD., II. Clarke on the report con- 
cernijig, 142. 

(hilculi, renal, Dr. (1. Harley on the 
mode t»f formation of, 100. 

•Capital and labour, W. Monis on, lOtk 

•Cards for spinning purposes, D. Bate- 
man on the iiianufacture of, 210. 

Carmichael (C. II. E.) on Professor Geii- 
narelli’s paper On the existence of a 
race of red men in Northern Africa 


and Sou them Europe in prehistoric 
times,” 141. 

Carpenter (Dr. W. B.) on the under- 
currents of tlie Bosphorus and Darda- 
nelles, 41 ; on the physical geography 
of the Mediterranean, considered in 
rcdatioii to that of the Black Sea and 
the Ciispian, 10.‘3; on the physical 
geography of tlio Ckispiau Sea, in its 
relations to geology, 1(55. 

•Casale district, P. Le Ntne F’oster, 
jim., on the irrigation of the, 214. 
i Caspian Sea, Dr. Carpente r on the phy- 
j sical geography of the, in its relations 
I to geology, ir>5. 

I , Dr. Carpentt'r on the physical 

i geography of the ]\Icdit(UTaiicaii, con- 
j sidered in relation to tliat of the 
i Black Sea and the, 1(5.4. 

I Cayley (Prof.) on th(‘ ^Mercator’s pro- 
, jection of a surface of levoliitioii, 9. 

Centenarians, living, Sir G. D. Gibb, 
Burt., on the vocal organs in, 128. 

Centre-rail railway, AN*. C. Thomas on 
the, 210. 

. ‘ Chsillenger,’ tlie, Capt. .1. F. Davis on 
the scientific voyage of, 107. 

; Cliampcrnowne (A.) on tht‘ discovery of 
a species of starfish in the Devonian 
beds of South D*‘\on, 77. 

•Channel steamer, J. White on a form 
' of, 210. 

(’liemical Section, Dr. W. J, Russell’s 
Address to the, 52. 

! Cliina, Dr. M‘Cosh on Assam, and an 
' overland communication with, 172. 

* , Baron ’son Richthofen on the 

1 distribution of coal in, 174. 

Cholera, Dr. I>, Jb'unton on physiolo- 
‘iical iesearcb»'s on the nature of, 124. 

Chionok'gy, conijjavative, of the migra- 
tions of man iii America, II. Clarke 
on the, in relulion to comparative 
j philology, 141. 

j Ci\ ilizatioij, Eastern, P. Ifariison on the 
I pas^aee of, acro-s tlie Pacific, 140. 

I ’•'Clapp (Dr. W. J.) on tlie Nant-y-glo 
I coal-ciitiing machine, 214. 

Clarke (Hyde) on preliistoiic names of 
weapons, 141 ; on the comparative 
chronology of the migrations of man 
in Amt'rica in relation to compara- 
tive philology, 141; on the Ashantee 
and Fan lee ianguages, 142 ; on the 
report concerning Bushman researches 
of Dr. AV. II. Bleek, Ph.D., 142; on 
the inliufiK'c of large centres of popu- 
lation on intellectual niaiiifestation, 
18(>; on the progress of the through 
railway to India, 21 *n 
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•Clifford (Prof.) on some cuitcs of the 
fifth class, 0; *on a surface of zero 
curvature and finite extent, 0. 

Clouds and rain, J. P. Ilarrison on lunar 
influence on, 43. 

Coal, Rev. J. Gunn on the probability 
of finding, in the Eastern Counties, 
81. 

• cutting machine, the Xant-y-glo, 

Dr. AV. J. Clapp on, 213. 

• gas, A. A emon Harcourt and F. 

AV. Fison on a continuous process for 
purifying, and obtaining sulphur and 
ammonium sulphate, 04. 

• in China, Raron von Richthofen 

on the distribution of, 173. 

measures, Prof. AV. C. Williamson 

on fern-stems and pctioh*s of the, 100. 

Codeine and morjdiine, Dr. C. R. A. 
AVnght on new derivatives from, 07. 

Colossi, J. S. Phene on an age of, 147. 

Commercial panics, AA". D. Henderson 
on, 193. 

Compound pendulum apparatus, S. C. 
Tisley on a, 48. 

Confederated homes and cooperative 
housekeeping, Mrs. E. M. King on, 
195. 

•Cora (G.) on the equatorial lakes of 
Africa, 107. 

Coral-caves vdth human bones in sta- 
lagmite on Maiipaia, South Pacific, 
Rev.AV. AV. Gill on, 144. 

•Correlation between specific weight 
and specific heat of chemical elements. 
Prof. Zenger on the, 40. 

Correspondence between some areas of 
apparent upheaval and the thickening 
01 subjacent beds, AN'. Toplev on tlm, 
91. 

•Cost of living. Prof. L. T>evi on the 
increased, and its relation to the rates 
of wages and salaries, DKl 

•Cownlej (A. D.) and Dr. Paul on the 
valualfon of commercial crude anthm- 
cene, 05. 

Crag, W. AA'hitakcr on the occurrence 
of, in the S.AV. part of .Suffolk (.Sud- 
bury), 02. 

Craven, J. R. Dakyns on the geology of 
part of, 78. 

, AV, Gomersall on the round 

boulder hiUs of, 80. 

Cresol derivatives, Dr. H. E. Armstrong 
on, 03. 

Crystals in the testa and pericarp of cer- 
tain plants, Prof. Gulliver on the, 104. 

•Curves of the fifth class, Prof. Clifford 
on some, 0. 

Cyclones and rainfall, C. Meldrum on a 


periodicity of, in connexion with the 
sun-spot periodicity, 43. 

Dakyns (J. R.) on the geology of part 
of Craven, 78. 

•Dampier, the voyager. Prof. Lawson 
on plants collected by the, 105. 

•Danchell (F. II.) on peat, 180. 

Dardanelles, Dr. Carpenter on the under- 
ciUTcnts of the Bosphorus and, 41. 

•Darwin (G. H.) on a portable globe, 
and on some maps of the world, l(i7. 

•Davis (A. S.) on some abnormal efiects 
of binocular \ision, 120. 

(I'apt. .1. K.) on an improvement 

in the sextant, 44; on the scientific 
voyage of the ‘ Challenger/ 1(57. 

* (S.) on Biain's system of mining 

by means of boiing-inachinerv, dyna- 
mite. and electric blasting, 213, 

(AV. 8.) on some abnormal effects 

of binocular ^ision, 3(5; *oii the re- 
fraction of liquid wa\es, 43. 

Dawkins (NA'. Boyd) on the rate at 
which stalagmite is Ixdng accumulated 
ill the lugleliorough Cave, 80 ; on the 
northern rang** of the Iberians in 
Europe, 142. 

Decimal point, J. AA\ T^. Glaisher on the 
introduction of th<‘, into arithmetic, 13. 

Devon, South, the dis('o\ erv of a species 
of starfi’'h in the Devonian beds of, 
A. Chanqx'rnowjic on, 77 ; H.AVood- 
ward on, 77. 

•Dewar and MacKendrick (Drs.) on the 
action of liglit on the retina and other 
tisMies, ]2t). 

Differential resolvdits, Rev. R. Harley 
on the theory of, 17. 

•Diffraction -grating, the DrapiT-Ku- 
therford, .1. N. Lockyer on, 38. 

Dimethylaniline, Dr.H. I'i. Armstrong on 
tlie actual of sulphuric acid on etliyl- 
aniline and, fi2. 

Dionrea munciptilayDv, Bind on Sanderson 
on the electrical phenomena which 
accompany the contractions of the leaf 
of, 133. 

Dithyrocaris, H. AA'oodward and R. 
Etheridge, jun., on some specimens of, 
from the carboniferous limt*.stone 
series, East Kilbride, and from the 
Old Red Sandstone (?) of Lanarkshire, 
112 . 

•Diverticulum of the small intestine in 
man. Prof. 0. A. Btruthers on the, 
considered as a rudimentary structure, 
134. 

Donkin (A. E.) on an instrument for the 
composition of two hannonic curves, 45. 
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*Braper-Ilutherford difTraction-grating, 
J. N, Lockyer on the, 38. 

Dimertty A. W. Bemiett on tlie move- 
ments of the glands of, 123. 

*Diincan (Prof. P. M.) on the motion of 
pi’otoplasni in thefneaceous algte, 12G. 

Dunn (li.) on ethnic psychology, 143. 

Dwellings for the inclustriul classes, W. 
Botly on, 180. 

*J)yer (Prof, T.) on the plants collected 
in Bermuda by Mr. II. X. Moseley, 
104. 

•Dynamometers in absolute measure. 
Prof. Ball on, 44. 

East Morley and Bradford Savings-bank, 
T. llaigon the, 188. 

•Eaton (li.) on the working of locomo- 
tives witli heated air and steam, 
213. 

•Eckhold’s omni under, a new surveying- 
instrument, G, W. Hope on, 47. 

Economic Science and Statisties, Ad- 
dress by the Kiglit IIonAV. E. Forster 
to the Section of, 174. 

•liconomic use of endowment.^, J. 31. 1). 
Meiklejohu on, IIKJ. 

Economical aspects of endowments of 
education and original research, C. E. 
Appleton on some of the, 183. 

generation of steam, K. Sutelifte on 

tlie, 21(h 

utilization of steam, P. Sutcliffe on 

the, 217. 

Educational Mati'^tics of Bradford, J. 
Hanson on, IM). 


notes on the natural history of that 
family, 118. 

•Equations, cubic and other trinomial, 
Ivev. li. Harley on Prof. Evans’s 
method of solving, 22. 

* , modular, Prof. II. J. S. Smith on, 

24. 

•Equatonal lakes of Africa, G. Cora on 
tne, 167. 

Etheridge (R., jun.) and H. Woodward 
on some specimens of Dithyrocaris 
fromthe carDoiiiferous limestoneseries, 
East Kilbride, and from the Old Red 
Sandstone (?) of Lanarkshire, with 
notes on their geological position, &c., 


Ethnic psychology, R. Dunn on, 143. 

Ethylaniline and dimetliylanilino, Dr. 
H. E. Annstrong on tlie action of 
sulphuric acid on, 62. 

•Evans’s ( Prof.) metliod of solving cubic 
and other trinomial equations, Rev, 
R. Harley on, 22. 

•J^vaporalioii and tempei’atiire, S. B, J. 
Skertchlv on experiments on, made at 
Wisbeach, 44. 

Everett (Prof.) on the kinematics of a 
rigid body, 28 ; on a refraction-spec- 
trum without a prism, 37. 


Fantoe languages, 11. Clarke on the 
A>hnntee and, 142. 

Fauna of Per>ia, W. T. Blanf(U‘d on the, 
110 . 

Fellows (F. P. ), statistics and observa- 
tions on the National Debt and our 


lOleetrieal phenomena which nc(’ontpany 
the contractions of tlu* leaf of J) 'u,n(ca 
Dr. Burdon Sanderson on 

tlie, 133. 

•J'ilephant, Indian, Dr. 31. 3Vatson cm 
the anatoniY and physiology of the, 

134. 

remains, J. E. Taylor on the occur- 
rence of, in the basement beds of the 
Red Crag, 01. 

•Elios (Ney) on trade-routes through 
Mongolia and Zungaria, 1()0. 

Ellis (J. 3V.) on tlio Stunip-Cro.ss 
Caverns at Oreenhow near Pately 
Bridge, 80. 

Endemic diseases, Dr. T. 3Ioffat on geo- 
logical systems and, 84. 

•Endowments, J. 31. 1). 31ciklejohn on 
the economic use of, 196. 

of education and original research, 

0. E. Appleton on some of the econo- 
mical aspects of, 183. 

Ephemm*ia(Oy R. 31aclinchlan on a new 
insect belonging to the family, with i 


disbursements from the revolution in 
1()88 to the present time, showing the 
ad\isability of ascertaining our annual 
go^ernmental capital and current ex- 
peiulilure, 186. 

Ferritu* (Prof.) on the localization of 
function in the brain, 126. 

•Fibrous substmiees, 8. C. Lister on the 
mechanical treatment of, 214. 

Field (R.) on an improved form of 
aneroid for determining heights, with 
a means of adjusting the altitude- 
scale fi)r yarit)us temperatures, 46. 

•Fisoii (F. 3V.) and A. Vernon Har- 
court on a continuous process for puri- 
fying coal-gas and obtaining sulphur 
and ammonium sulphate, 04. 

Fitch (J. (t.) on the savings-bank in tho 
school, 187. 

•Flora of the environs of Bradford, Dr. 
3Villis on the, 106. 

Flotation, the power of, attributed to 
the animal, Prof. Phillips on the 
anunonitic spiral in reference to, 85. 
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riuoresceiit substances, oxliibition of 
photographs of, by Dr. J.II. Gladstone, 

•Forbes (Prof. G.) on certain connexions 
between the molecular properties of 
metals, 20 ; *on irradiation, 38 ; •on 
thermal conductivity, 40. 

Forster (Fight lion. \V. E.), Address by, 
to the Section of ]^]couomic Science 
and Statistics, 174. 

Foster (C. Le Neye) on the duty” of 
Arrastres in reducing pold ore in 
Italy, 214. 

• (P. Le Neye, jun.) on the irri- i 

gation of the Casale district, 214. 

Fothcrgill (Dr. .1. M.) on heart and 
brain, 127. 

Fraser (Ih'. T. E.) on the physiological 
action of crystalline aconitia and : 
pseudo-aconitia, 128. 

•friction of shot, Prof. 0. Eeynolds on 
the, as aflccted by ditlerent kinds of 
riding, 210. 

Gamma function, J. W. L. Glai.'her on ! 
the negative minima of the, 13. 

Gas-generator, C. J. A\'o(xhvard on a 
form of, 00. 

GeniiareUi’s (Pi of. ) pajn r ( )n the exist- 
ence of a race of ifd men in Nortliern 
Africa and Southern bhirope in pie- 
historic times,*' (’. II. E. Carmioaael 
on, 131. 

GoogTfiphical Section, Sir Eutheiford 
Alcock's Address to the, loO. 

Geogj-aphy, pli-sHcal, of the I)t‘serts of 
Persia and (.’eiitral A«ia, W. T. Dlan- 
ford on the, 1(»2. 

, , of the Mediterranean, con- 
sidered in relation to that of the Dlaek 
Sea and the C’aspian, Dr. CarpenU*r 
on the, D>3. 

Geological Section, Prof. Phillips’.s Ad- 
dress to the, 70. 

systems and endemic diseases, Dr. 

T. ^{oflal on, 84. 

time, Prof. Phillips on the ammo- 

nitic septa in relation to, 80. 

Geolog}% Dr. Carpenter on the pliysical 
geogi’aphy of the Caspian Sc^a, in its 
relations to, 1G5. 

of the country round Bradford, 

Yox’kshire, E. Kussell on the, 88. 

Geometrical optics, Prof. J. (k Max- 
well on the relatii-n of, to other 
branches of mathematics and physics, 
2 > 8 . 

Gibb (Sir G. Duncan, Bart.) on the 
vocal organs in living centenarians, i 
128. 


Gill (Key. W. W .) on coral caves with 
human hones in stalagmite on Man- 
gaia, South Ihicilic, 144 ; on three 
visits to New Guinea, IGt). 

Glacial action in tropical India in Ihilteo- 
zoic (or the oldest I^lesozoic) times, 
AV. T. Blanford on some evidence of, 
7(». 

i Gladstone (Dr. J. II.), exhibition of pho- 
tographs of Huorescent substances, 38 ; 
on black depo.^its of metals, 03. 

Glaisher (.1. AV. Ij.) on certain proposi- 
tions in the theory of numbers deduced 
from elli])tic-transcendent identities, 
10; on the negnti\e minima of the 
gamma function, 13 ; on the introduc- 
tion of the decimal point into arith- 
metic, 13, 

* Globe, a portable, G. II. Dai’wdn on, 
and on some mans of the world, 1G7. 

(lold ore, C. L(‘ Ne ve Foster on the 
^‘duty " of AiTastres in reducing, in 
Italy, 214. 

Gold>mid (Colonel Sir E.), notes of re- 
cent travel in Persia, 171. 

Gomei-vsnll (AV.) on tlu‘ round boulder 
hill.^ (»f Cravon, 80. 

Goodman (Dr.) on wliite corpuscles, 
their nature ai\d origin in the animal 
organism, 120. 

Graptolites from tlie Upper Arenig rocks 
of Eamsey Island, St. David’s, J. 
Ilopkiiison on, ^2. 

in tlie J..udluw rocks of Shrop- 

sliire, J. Ilopkiiison on the occurrence 
of numerous species of, 83. 

Gulli\er (Prof.) on the cr\stfils in the 
testa and pericaqi of certain plants, 
104. 

j Gunn (Epv. J.) on tht* probability of 

j hnding coal in the Eastern Counties, 
i 81 . 

I 

, Ilnig (T.) on the Ea.st Alorley and 
Bradford Savings-bank, 188. 

; •Ilallett (T. G. P.) on the income-tax 
question, l88. 

: *liaii-kow, E. Ji. Gxenliam on a journey 
from Peking to, 172. 

*Jlaiilou (G. G.), f-oim* suggestions to- 
wards tlie formation of an extended 
table of lognrithms, 17. 

Hanson (J.), educational statistics of 
Bradford, 180. 

•Ilnrcourt (A. AVnion) and F. AV. Fison 
on a continuous process for purifying 
coal-gas and obtaining sulphur ana 
ammonium sulphate, 04. 

Ilarkness (Prof.) on the occurrence of 
faults in the Permian rocks of the 
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lower portion of the \'ale of Eden, 
Cumberland, 81. 

Harley fl)r. G.) on the mode of forma- 
tion of renal calculi, 130. 

(Rev. R.) on the theory of dif- 
ferential resolvents, 17 ; *on Prof. 
Evans’s method of solving cubic and 
other tiinomial equations, 22. 

Harmonic curves, A. E. Donkin on an 
instrument for the composition of two, 
45. 

Harrison (J. P.) on lunar influence on 
clouds and rain, 43 ; on the passage 
of Eastern civilization across the 
l^acific, 143. 

•Hastings (W.) on postal reform, 101. 

IIaughton(B.) on railways amalgamated 
in competing groups, 101. 

Heart and brain, Dr. J. M. Fothergill 
on, 127. 

Henderson (W. I).) on commercial 
panics, 103, 

Ilermite (Ch.) sur I’irrationalitd de la 
base des logarithmes hyperboliques, 

Herschel (Prof. A. S.), notes of some 
experiments on the thermal conduc- 
tivities of certain rocks, 40 ; on a new 
h>rm of pendulum for exhibiting su- 
perposed vibrations, 48; and G. A. ! 
liebour on some experiments on the ! 
conducting-powers for heat of certain ; 
rocks, with remarks on the geological ! 
aspects of the investigation, 223. 

Hicks (H.) on the Arenignnd Llaudeilo 
rocks of St. David’s, 82. 

Hobkirk (C. P.) on the mosses of the 
West Riding of Yorkshire, 104. 

Holden (Dr. J. S.) on a hitherto imde- 
scribed Neolithic implement, 140. 

•Hooker (Dr.) on the subalpine vege- 
tation of Kilimanjaro, E. Africa, 105. 

*Hoj>e (G. W. ) on Eckh old’s omnimeter, 
a new surveying-instrument, 47. 

Hopkinson (J.) on some graptolites from 
tlie Upper Arenig rocks of Ramsey 
Island, St. David’s, 82 ; on the occur- 
rence of numerous species of grapto- 
lites in the Ludlow rocks of Shrop- 
shire, 83. 

Horn, a, and bones found in a cutting in 
a street in Maidenhead, Berks, Dr. T. 
Moffat on, 84. 

•Horn silver, W. C. Roberts on, C6. 

Horne (W.) on the occurrence in the 
Yoredale rocks of Wensleydale of fish 
and amphibian remains, 84. 

Homer (C.) on the spectra of certain 
boric and phosphonc acid blowpipe 
beads, 64. 


Horse-nails, F. J. Bramwell on Huggett’s 
system of manufacturing, 210. 

Iluggett’s system of manufacturing 
horse-nails, F. J. Bramwell on, 210. 

Huggins (Dr.) on the proper motions of 
neouloD, 34. 

Huizinga’s experiments on abiogenesis, 
Dr. Burdon Sanderson on, 131. 

•Hydrostatic log, Rev. E. L. Berthon on 
the, 210. 

i Iberians, Dr. Beddoe on the, 140. 

! in Europe, W. B. Dawkins on the 

I northern range of the, 142. 

' •Impact, Prof. 0. Reynolds on certain 
phenomena of, 32. 

I •Income-tax question, T. G. P. Hallett 
on the, 188. 

•inemstation in steam-boilers, J. Waugh 
I on the prevention of, 219. 

! India, II. Clarke on the progress of the 
I through railway to, 213. 

I Industrial classes, W. Botly on dwellings 
1 for the, 180. 

i Ingleborough Cave, W. B. Dawkins on 
I the rate at which stalagmite is being 
I accumulated in tlie, 80. 

I Intellectual manifestation, H. Clarke on 
the influence of large centres of popu- 
lation on, 186. 

Ireland, the south coast of. Prof. All- 
man on some recent results with a 
towing-net on, 1(X5. 

1 •Irradiation, Prof. G. Forbes on, 38. 

•IiTigation of the Casale district, P. Le 
Neve Foster, jiin., on the, 214. 

•Janssen (M.) on the application of 
photography to show the passage of 
>"enu8 across the sun’s disk, 35. 

Jeffreys (J. Gwyn) on the mollusca of 
the Mediterranean, 111. 

Jubb (S.) on the shoddy trade, 104. 

Kaincs (Dr.), a true cerebral theory ne- 
cessary to anthropology, 146. 

•Khiva and Turcomania, E. D. Morgan 
on Russian accounts of, 172. 

•Kilimanjaro, E. Africa, Dr. Hooker on 
the subalpine vegetation of, 106. 

Kinematics of a rigid body, Prof. Everett 
on the, 28. 

King (Mrs. E. M.) on confederated 
homes and cooperative housekeeping, 

•Koh-Khodja, Major B. Lovett on a 
visit to, 1/2. 

•Labour, W. Morris on capital and, 196. 
•Lankester (E. Ray) on apeach-colouted 
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BactenimijllO; ♦eniLryoloprical obser- 
vations bearing on the geiiealog^ of the 
mollusca, 110; on the structure oftho 
egg, and the early (hu elopniont of the 
ceplialopod Loh)/o, 101. 

Xiarge centres of population, 11. Clarke 
on the influence of, on intellectual 
manifestation, IHlh 

•Lawson (Prof.) on plants collected by 
the voyager Danipier, 105 ; *on a 
course * of practical instruction in 
botany, 105. 

Lebour (G. A.) and W. Topley on the 
Whin SiU of Northumberland, 02 ; 
and Prof. Ilerschel on some experi- 
ments on the conducting-powers for 
heat of certain rocks, with remarks on 
the geological aspects of the investi- 
gation, 223. I 

•Levi (Prof. L.) on the eflect of the in- | 
crease of prices of certain necessaries j 
of life on the cost of living, and its 
relation to the rales of wages and 
salaries, 10(). 

•Light, l)rs. IJewar and Mac Kendrick on 
the action of, on the retina and other 
tissues, 120. 

, P. Braham on experiments on, 
wnth circularly ruled plates of glass,. ‘>0. 

Lightning-conductors, the construction 
of. Prof. Zengcr on symmetric con- 
ductors, and, 41. 

•Liquid waves, \\\ 8. Davis on the re- 
fraction of, 4.*!. 

Lisbon steam- tram ways, 187.2, JI. 
Barlow, jun., on the, 210. 

•Lister (S.* C.) on tin* ineeliani<‘nl treat- 
ment of fibrous substances, 214. 

• (T.) on birds observed in the West 

Biding of Yorkshire in former and 
recent years, 1 1 0. 

•Livingstone East-coast aid expedition, 
Major E. Smith on the, 173. 

Llandeilo rocks, 1 1. JIick.-> on the Arenig 
and, of St. David’s, 82. 

Lobley (J. L.) on the British Palaeozoic 
Arcadae, 84. 

•Lockyer (J. Norman) on the results of 
some recent solar investigations, .35 ; 
•on the Draper-Kutherford diffraction- 
grating, ; •on the elements in the 
sun, C5. 

•Locomotives, B. Eaton on the working 
of, with heated air and steam, 213. 

Loess of Northern China, Baron von 
Kichthofen on the, and its relation to 
the salt-basins of Central Asia, 80. 

Logarithmes h)'perboliques, Ch. Ilor- 
mite 8ur rirrutionalit<$ de la base des, 
22 . 


•Logarithms, some suggestions, by 0. 
O. IJanlon, towards the formation of 
ail extended table of, 17. 

, Bev. II. AVoce on the calculation 

of, 24. 

Zo/fV/e, tlio cephalopod, E. B. Lankestcr 
on the structure of the egg, and the 
early development of, 131. 

•Lovell (Major B.) on a visit to Koh- 
Khodja, 172. 

Ludlow rocks of Shropshire, J. IIop- 
kinson on the ocrurreiu'c of numerous 
species of graptolites in the, s<3. 

Lunar influence on clouds and rain, J. 
Ik Harrison on, 4.3. 

M^Co^h (Dr. J.) on Assam and an over- 

I land eommiinieatioii witli China, 172. 

! MHtowen (W. 3\) on the S(‘wage of 
mamifactiiring (>5. 

•MaeKendriek and Dowar (Drs.) on 
tin* action of liL’ht on the retina and 
other lis.su(*s, l2(>. 

MacLachlan( Ik) on a new inject ladong- 
to llie family J^pht nti \\V\\ 
not»‘s on the natural hi^-tory of that 
family, 11 8. 

•Magnetic metals, iron, nickel, and 
cobalt. AV. F. lUiireltoii the rt'hition- 
>hip e,f the. •}(). 

Magnetit'*. artificial. J. Spiller on, 

•Alagncti/atioii of iron, nickel, and 
cobalt, AAk h\ JtaiTt’lt on the inoh*- 
eular changes tlia’ >;rec>mpanv the, 40. 

Mammals, ]deistocenc, B(‘V. J. E. BInkc 
on additional remains of, in Yorkshire, 
75. 

Alangain, Sonlli Paeifie, B(‘V. AV. AV. 
(iill on coral-eaves with human h<ui(*s 
in stalapinite on, 1 14. 

•Maps of the world. ( r. 11. Darwin on a 
portabh* globe, and on sonu*, 1()7. 

•Alareoartu (A. de) on the application 
of telegraphy to navigation and lue- 
l(*orolngy, 4.3. 

•Alarkhain (C. B.) on recent arctic ex- 
ploraticms, 1 72. 

Mathematical and Physical Section, 
Prof. 11. J. S. Smitli’s Address to 
the, L 

Maxwell (Prof. J. C.) on the final state 
of a system of moh‘cnles in motion 
suhje(‘t to forces of any kind, 2t) ; on 
the relation of geometrical optics to 
other branches of mathematics and 
physics, 38. 

Mechanical Section, AV. H. Barlow’s 
Address to the, 200. 

Mediterranean, Dr. Cai*ponter on the phy- 
sical geogi’aphy of the, considered in 



INDEX II. 


243 


relation to that of tlie Black Sea and 
the Caspian, 103. 

Mediterranean, J. Cwyn JofFreys on the 
mollusca of the, 11 1. 

*Meilflojohn (J. M. 1).) on the economic 
use oi endowments, 100. 

Meldriim (C.) on a periodicity of cy- 
clones and rainfall in connexion with 
the sun-spot periodicity, 43. 

Mercator s projection of a surface of re- 
volution, Prof. Cayley on the, 0. 

!Mctaliiir^»*y, primitive, A. W. Buckland 
on the serpent in connexion with, 
140. 

M<‘tals, Dr. J. 11. (iladstono on hlack 
d('posits of, (>3. 

• ^ Prof. (1. Porbes on certain con- 

nexions between the molecular pro- 
perties of, 20. 

•Meteorolo^^y, A. do Marcoartu on the 
application of teleg^rapliy to na^ip-a- 
tiou and, 43. 

•Methyl, sulphide of, Prof. Crum Brown 
on tlie action of, on bromacetic acid, 
().3. 

‘-Mierozymes as partial hionta, ])r. J. 
Boss on, 131. 

•Mining, S. Davis on Brain’s system of, 
by means of boring-machinery, dyna- 
mite, and electric blasting, 213. 

•Modular equations, Prof. II. J. S. 
Smith on, 24. 

Modiit (Dr. on a horn and bones 
found in a eutting in a street in 
Maidenhead, Berks. 84 : on geological 
.•'Vstems and endemic di.M'a^rs, 84. 

•.AIobHailar ehanpesthat accompany the 
magnetization of iron, nickel, and 
< obalt, W. F. Barrett on the, 40. 

• proptudies of metals, Prof. (C 

Forbes on certain coiiiiexions belwcoii 
the, 20. 

Molecules in motion, Prof. J. (’. Maxwell 
on the final state of a system of, sub- 
ject to forces of any kind, 20. 

'Mollusca, cmbr}olo”ical obscr^ations 
bearing on the genealogy of the, by 
E. II. Laukester, 110. 

• of the Mediterranean, J. (Iwyn 

.Jelfreys on the, 111. 

'Mongolia and Ziiiigai in, Elias on 
trade-routes through, 100. 

‘Moon’s surface, AV. K. Birt on the im- 
portance and necessity of continued 
systematic observations on the, 34. 

IMorality, E. B. Tylor on the relation of, 
to refigion in the early stages of civi- 
lization, 148. 

•Moresby (Capt. J.) on discoveries at 
the eastern end oi New Guinea, 172. 


•3Iorg{in (E. D.) on Russian accounts 
of Khiva and Turcomania, 172. 

Morphine, Dr. C. R. A. Wright on new 
derivatives from codeine and, 07. 

•Morris (W.) on capital and labour, 196. 

•Moseley (H. N.) on the vegetation of 
Bermuda, 106. 

Mo«ses of the West Riding of York- 
8liir(‘, C. P. Ilobkirk on the, 104. 

IMount Sinai, Dr. C. T. Boko on the true 
po‘<ition and physical characters of, 
10 ) 1 . 

*Nant-v-glo coal-cutting machine, Dr. 
W. j. Clapp on the, 213. 

'Na|)ier (J. R.) on Napier’s pressure log. 

National debt, the, and our disburse- 
ments from 1088, F. P. Fellows on, 
1S(>. 

•Navigation and meteorology, A. de 
Marcoartu on the application of tele- 
graphy to, 43. 

Nebuhe, Dr. Huggins on the proper 
motions of, 34. 

Negretti and Zambra’s te.'-t-gauge solar- 
radiation thermometer, Cl. J. Symons 
on, 47. 

Neill (A.) on tlie Bradford building 
trades, 19() ; on stone-dressing in Brad- 
^ ford, 214. 

Neolithic implement, a hitherto undo- 
scribed. Dr. J. S. Holden on, 146. 

*Nc\illo (.1.) on the axis of least mo- 
ment^ in a reetaneiilar beam, 32. 

•New (uiinea, Capt. J. Moresby on dis- 
co^eries at the eastern end of, 172. 

, Rev. W. W. Gill on three visits 

to, It >9. 

NeAvton (W. E.) on the sand-blast pro- 
cess for cutting and ornamenting stone, 
glass, and other hard substances, 215. 

Northumberland, the Whin Sill of, W. 
Tuple V and G. A. Leboiir on the, 92, 

•Omnimeter,Eckhold’s, anew surveying- 
instrument, G. W. Hope on, 47." 

Optics, geometrical. Prof J. C. Maxwell 
on the relation of, to other branches 
of mathematics and physics, 38. 

Oxaluric acid, W. H. Pike on several 
lioniologu(\s of, 06. 

•Oxenhnm (E. L.) on a journey from 
Peking to Ilan-kow, 17^. 

Oxyhydrogen lantern, a new form of, for 
tlie use of lecturers, C. J. Woodward 
on, 52. 

Palgrave (R, H. I.) on the relation of 
the banking reserve of the Bank of 
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I^usrlaud to the current rate of interest, 
190. 

Panics, commercial, W. P. Henderson 
on, 193. 

Passage of squalls across the Pritish 
Isles, G. M. V\' hippie on the, 44, 

•Patent systems of Great Britain and of 
the United States, T. Webster on the 
assimilation of the, 219. 

•Paul (Hr.) and A. I). Cownley on the 
valuation of commercial crude anthra- | 
cene, Oo. 

•Peat, F. II. Danchell on, 18(5. 

^ Major-Gen. Sir J. Alexander on 

the use and abuse of, 183. 

•Peking, E. L. Oxenham on a journey 
from, to Han-kow, 172. 

Pendulum for exhibiting superposed 
vibrations, Prof. A. S. llerschel on a 
new form of, 48. 

Permian rocks of the lower portion of 
the vale of Eden, Cumberland, Prof. 
Harkness on the occurrence of faults 
in the, 81. 

•Persia, Major St. John on trade-routes 
in, 173. 

, notes of recent travel in, by Colonel 

Sir F. Goldsmid, 171. 

, W, T. Blanford on the fauna of, 

110 . 

and Central A^a, the Deserts of, 

W. T. Blanford on tlie physical geo- 
graphy of, 102, 

Phen^ (j. S.) on an age of Colo.ssi, 147. 

Phillips (Prof. J.), Address by, to tlie 
Geological Section, 70 ; on the animo- 
nitic spiral in rcfenuice to the power of 
flotation attributed to the animal, 83 ; 
on the amnionitic septa in relation to 
geological time, 80. 

Philology, comparative, II. Clarke on 
the comparative chronology of the 
migrations of man in America in rela- 
tion to, 141. 

•Photography, IM. Janssen on the appli- 
cation of, to show the jiassage of Venus 
across the sun’s disk, 35. 

Physiological action of crystalline acf>- 
nitia and pseudo-aconitia. Dr. T. B. 
Fraser on the, 128. 

Physiology, Address by Prof. Ruther- ! 
ford to the department of Anatomy 
and, 119. 

Pike (W. II.) on several homologues of 
oxaluric acid, 65. 

•Plant (J.) on the Burleigh rock-dnll, 
216. 

•Plants collected by the voyager Dam- 
pier, Prof. Lawson on, 105. 

Pleistocene mammals, additional re- 


mains of, ill Yorkshire, Rev. J. 
Blake on, 75. 

•Poor-law, the, and its eflect on thiift, 
S. C. T. Bartley on, 185. 

•Postal reform, W. Hastings on, 191. 

Prehistoric names of weapons, li. Clarke 
on, 141. 

I *rressure log, Napier’s, J. R. Napier on, 
211 . 

Problem of the impulsive motion of a 
body having three degrees of freedom, 
IVof. Ball on a geometrical solution 
of the, 2(5. 

•Protopla.sni in the fiicaeeous algie, I'rof. 
P. M. Duncan on the motion of, 12(5. 

Purity and impurity in the use and abu.^e 
of water, Major-Gen. Synge on, 2(X). 

Railway, the centre-rail, W.(’. Thomas 
on, 219. 

, the througli, to India, II. Clarlo* 

the progress of, 213. 

Railway^ amalgamated in competing 
groups, B. llaiurhton on, 191. 

Rain, .1. P. IlaiTi>un on lunar inlliieiice 
on clouds and, 13,. 

Rainfall, C. Meldnim on a peuiodicily of 
cycloiiO'^ and, in coniu'.Mon M'ith the 
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— D. Ross, Report on the Discussions of Leith Tide Observations, under tlie direction of the 
Rev. W. Whewell ; — W. S. Harris, upon the working of Whewell’s Anemometer at Plymouth 
during the past year; — Report of a Committee appointed for the purpose of superintend- 
ing the scientific cooperation of the British Association in the System of Simultaneous Obser- 
vations in Terrestiial Magnetism and Meteorology ; — Reports of Committees appointed to pro- 
vide Meteorological Instruments for the use of M. A?assix and Mr. M‘Cord Report of a Com* 
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mittee to supoiintcud the redaction of Metcorolo^'ical Observations Report of a Com- 
mittee for revising the Nomenclature of the Stars Report of a Committee for obtaining In- 
struments and Registers to record Shocks and Earthquakes in Scotland and Ireland -Report of 
a Committee on the Preservation of Vegetative Powers in Seeds ; — Dr. Hodgkin, on Inquiries 
into the Races of M m ; — Repoit of the Committee appointed to report how far the Desiderata 
in our knowled-^e of the Condition of the Upper Strata of the Atmosphere may be supplied by 
means of Ascents in B illoons or otherwise, to asccitain the probable expense of such Experi- 
ments, and to diaw up Direction^ for Observers in sucli circumstances ; — R. Owen, Report 
on British Fossil Reptiles; — Reports on the Determination of the Mean Value of Railway 
Constants; — D. Lardncr, LL.D., Second and concluding Report on llie Determination of tlic 
Mean Value of Railway Constants; — E. Woods, Report on Railway Constants ; — Report of a 
Committee on the Construction of a Constant Indicator for Steam -Engines. 

Together with the Transactions of the Sections, Ptof. Whe well’s Address, and Recommen- 
dations of the .Association and its Committees, 


PROCEEDINGS of the TWELFTH .MEETING, at .Manchester, 
184-2, Published at 10^. 6d. 

Contents Report of the Committee appointed to conduct the cooperation of the British 
Association in the System of Simultaneous Magnctical and Metcoiological Observations;-— 
J. Richardson, M.D., Report on the present State of the Iclitiiv ology of Nevv Zealand ; — - 
AV^ S. Harri.s, Rejiort on tlie Progress of Meteorological Observations at I’lymoiitli ; — Second 
Report of a Committee appointed to make Experiments on the Growth and \htalily of Seeds ; 
— C. Vignuies, Report of the Committee on Railway Sections ; — Report of the Committee 
for the Preservation of Animal and Vegetable Sub.stances ; — Lyon Playfair, M.l)., Ab*tract 
of Prof. Liebig’s Report on Organic Chemistry apjilied to Pliysiology and Pathology 
R. Owen, Report on the British Fossil Mammalia, Part I.; — R. Hunt, Researches on the 
Influence of Light on the Germinaticn of Seeds and the Growth of Plants , — L. Agas>iz, Report 
on the Fossil Fishes of the Devonian System or Old Red Sandstone ; — W. Fairhairn, Ap- 
pendix to a Report on the Strength and other Properties of Cast Iron obtained from the Hot 
and Cold Blast ; — D. Milne, Report of the Committee for Registering Sliocks of Larihquakes 
in Great Biitain , — Report of a Committee on the construction of a ('onstant Indicator for 
Steam-Engines, and for the determination of the Velocity of the Pi lon ot the Self-acting En- 
gine at different periods of the Stioke ; — J. S. Russell, Report of a Committee on the Form of 
Ships ; — Repoit of a Committee appointed “to consider of the Rules hy which the Nomencla- 
ture of Zoology may be established on a uniform and permanent basis;” — Report of a Com- 
mittee on the Vital Statistics of large Towns in Scotland; — Provisional Uepuits, and Notices 
of Progress in special Researches eutrii‘-tcd to Committees and Imlividnah. 

Together witli the Transactions of the Section", Loid Fiaiuis Egn ton's Address, and Re- 
comnicndatlons of the Association and its Conrnittee^. 

PROCEEDINGS of the THIRTEE.VTH MEETING, at Cork, 
184-3, Published at J2«. 

Contents Robert Mallet, Tliird Report upon the Action of Air and Water, whether 
frcsli or salt, clear or foul, and at VaiioiH Temperature'*, upon Cast Iron, Wioughl Iron, and 
Steel; — Report of the Committee appointed to conduct llic coojiciation of the British As- 
sociation in the System of Simultaneous Magnetiial and Mi tcomltigicul Observations ; — S»r 
J. F. W. Hcrscbel, Bart., Repoit of the Committee appointed for the Reduction of Meteoro- 
logical Observations; — Report of the Committee appointed for Experiments on Steam- 
Engines Report of the Committee appointed to continue their Experiments on the Vitality 
of Seeds; — J. S. Russell, Report of a Series of Observations on the 7‘ides of the Frith of 
orth and the East Coast of Scotland ; — J. S. Uusveli, Notice of a Report of the Cominitlcc 

the Form of Ships; — J. Blake, Report on the Physiological Action of Medicines; — Report 
of the Committee on Zoological Nomenclature; — Report of the Committee for Registering 
tlie Shocks of Earthquakes, and making such Meteorological Observations as may appear to 
them desirable ; — Repoit of the Committee for conducting Expciirnents wiili Captive lJutloons; 
—-Prof. Wheatstone, Appendix to the Report ; — Repoit of ihc Committee for tlie 7'ranslatiun 
and Publication of Foreign Scientific Memoirs; — ('. W. Peach, on the Habits of the Marine 
'^e^tacca ; — E, Forbes, Repoit on the Mollinca and Radiata of the Aegean Sea, and on their 
distiibniion, considered as bearing on (icology ; —L. Agassiz, Kynojilical Table of Britiftli 
Fossil tislus, arianged in the order of the Geological Formations U. Owen, Report on llic 
Biittsh FoKiil Mammalia, Pait 11.;— E, W. Binney, Report on the excavation made at the 
Junction of the Lower New Red Sandstone with the Coal Measures at CoUyburst j— W* 
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Thompson, Report on the Fauna of Ireland: Div. Invertehrata \ — Provisional Reports, and 
Notices of Progress in Special Researches entrusted to Committees and Individuals. 

Together with the Transactions of tlie Sections, Earl of Rosse’s Address, and Uccommen- 
dijlions of the Association and its Committees. 

PROCEEDINGS of the FOURTEENTH MEETING, at York, 1814, 

Published at £1. 

CoxTENTs: — W. B. Carpenter, on the Microscopic Structure of Shells ; — J. Alder and A. 
Hancock, Report on the Briti^h Nudihranchiate Molliisca ; — R. Hunt, Researches on tlie 
Influence of Liglit on the Germination of Seedb and the Growth of Plants; — Report of a 
C’ommittee appointed by the British Association in 1840, for revising the Nomenclature of the 
Stars; — Lt.-Col, Sabine, on the McteoroK)gy of Toronto in Canada; — J. Blackwali, Report 
en some recent reseaichcs into the Stiuolure, Functions, and Economy of the Araneidca 
made in Great Biitain ; — Earl of Roise, on the Construction of large Reflecting Telescopes; 
— *Rcv. W. V. Ilarcourt, Report on a Gas-furnace for Experiments on Vitrifaction and other 
Applications of High Heat in the Laboratory; — Report of the Committee for Registering 
Ih'irtluiuake Shocks in Scotland; — Report of a Comnjittee for Expcrinients on Steam-Engines; 
— Report of the Committee to investigate tlie Varieties of the Human Race; — Fourth Report 
of a Committee appointed to continue their Experiments on the Vitality of Seeds; — W. Fair- 
hairn, on the Consumption of Fuel and the Prevention of Smoke; — F. Ronalds, Report con- 
cerning the Observatory of the British Association at Kew ; — Sixth Kepoit of the Committee 
appointed to conduct the Cooper.ition of the British Association in the System of Simulta- 
neous Magnetieal ami Meteorological Observations; — I’rof. Forchhammer on the influence 
of Fucoidal Pl.ints upon the Formations of the Earth, on Metamorphism m general, and par- 
ticularly the Metamorphosis of the Scandinavian Alum Slate; — H. E. Strickland, Report on 
the lecent Progress and Present State of Oinithology; — T. Oldliani, Report of Committee 
appointed to conduct Observations on Subterranean Temperature in li eland ; — Pi of. Owen, 
Report on the Extinct MamnnL of Au >tralia, with descriptions of certain Fossils indicative 
of the former existence in tliat continent of laige M.U'iiipi il Representatives of the Order 
Pnehydermata ; — W, S. Harris, Uepoit on the working of Whcwcll and 0:>lcr’s Anemometers 
at Plymouth, for the year^ 1811, IS 12, IS 18 ; — W\ li. Biit, Report on Almospheiic Waves; 

L. Agassiz, Kappoit sur le> Pois^oU'* Fissile;, do TArgile dc Londres, with tianslation; — J, 
S. Bussell, Rej'ort on M aves ; — Pro\i^ional Bepoit>, and Notices of Progress in Special Re- 
searches cntniNtcd to Ciunrnittces and lndi\ iiluaL. 

Together wiili the Tiansaetions of tiie Section^, Ucun of Ely^s Address, and Recommenda- 
lion> of the Association and its Committees. 

PROCEEDINGS of the FIFTEENTH MElbTING, at Cambridge, 

1 8 15, Published at 1 *2a\ 

Contents: — Seventh Report of a Committee appointed to conduct the Cooperation of the 
British Association in the System of Simultaneous Magnetieal and Meteorological Observa- 
tions; — Lt.-Col. Sabine, on some points in the Meteorology of Buinhay ; — J. Blake, Report 
on the Physiological Actions of Medicines ; — Dr. Von BogU''lawski, on the Comet of 1848; 
— R. Hunt, Rcpoit on the Actinograph ; — Prof. Schonbtin, on Ozone; — Piof. Eniian, on 
the Influence of Fiietion upon Theiino- Electricity ; — Baron Senfienberg, on the Self- 
Registering Meteorological Instuimcnls employed in the Ob^el^atory at Senftenberg; — 
W. R. Bin, Second Report on Almospheiic Waves; — G. K. Porter, on the Progress and Pre- 
sent Extent of Savings' Banks in llie United Kingdom; — Prof. Bunsen and Dr. Playfair, 
Rcpoit on the Ga.ses evolved from Iron Furnaces, vviih lefercnce to the Theory of Smelting 
of Iron ; — !)r. Richardson, Repoit on the Ichthyology of the Seas of China and Japan; — 
Report of the Committee on the Registration of Periodical Phenomena of Animals and Vege- 
tables ; — Fifth Report of the Committee on the Vitality of Seeds ; — Appendix, &'C. 

Together with the Transactions of the Sections, Sir J. F. W. HersciicTs Address, and Re- 
commendations of the Association and its Committees. 

PROCEEDINGS of the SIXTEENTH MEETING, at Southampton, 

1816, Published at I5«. 

Contents: — G. G. Stokes, Report on Recent llcscavchcs in Hydrodynamics -Sixth 
Report of the Committee on the Vitality of Seeds ; — Dr. Schunck, on the Colouring Matters of 
Madder; — J. Blake, on the Physiological Action of Medicines; — U. Hunt, Report on the Ac- 
tinograpb R. Hunt, Notices on the Influence of Light on the Growth of Plants;— U. L, 
Ellis, on the Recent Progress of Analysis; — Prof. Forchhammer, on Comparative Analytical 
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Researches on Sea Water A. Ermany on the Calculation of the Gaussian Constants for 
1829; — G. R. Porter, on the Progress, present Amount, and probable future Condition of the 
Iron Manufacture in Great Britain ; — W. II. Birt, Third Report on Atmospheric Waves;— 
Prof. Owen, Report on the Archetype and Homologies of the Vertebrate Skeleton 
J. Phillips, on Anemoinctiy; — J. Percy, M.D., Report on the Crystalline Flags; — Addenda 
to Mr. Birt*8 Report on Atmospheric Waves. 

Together with the Transactions of the Sections, Sir R, I. Murchison’s Address, and Re- 
commendations of the Association and its Comniittecs. 

PROCEEDINGS op the SEVENTEENTH MEETING, at Oxford, 
1 847, Published at 1 8^. 

Contents: — Prof. Langbcrg, on the Specific Gravity of Sulphuric Acid at different de- 
grees of dilution, and on the relation which exists between the Development of Heat and the 
coincident contraction of Volume in Sulphuric Acid when mixed with Water; — R. Hunt, 
Researches on the Influence of the Solar Rays on the Growth of Plants ; — 11, Mallet, on 
the Facts of Earthquake Phenomena; — Prof. Nilsson, on the Primitive Inhabitants of Scan- 
dinavia; — W. Hopkins, Report on the Geological Theories of Elevation and Eaithquakcs; 
-—Dr. W. B. Carpenter, Report on the Microscopic Structure of Shells ; — Rev. W. WhewcH and 
Sir James C. Ross, Report upon the Recommendation of an Expedition for the purpose of 
completing our knowledge of the Tides; — Dr. Schunck, on Colouring Matters ;—Sevei»th Re- 
port of the Committee on the Vitality of Seeds; — J. Glynn, on the Turbirje or Horizontal 
Water-Wheel of France and Germany; — Dr. R. G. Latham, on the present state and recent 
progress of Ethnographical Philology ; — Dr. J. C. Prichard, on the various methods of Research 
which contribute to the Advancement of Ethnology, and of the relations of that Science to 
other branches of Knowledge ; — Dr. C. C. J. Bunsen, on the results of the recent Egyptian 
researches in reference to Asiatic and African Ethnology, and the Classification of Languages; 
— Dr. C. Meyer, on the Importance of the Study of the Celtic Language as exhibited by the 
Modern Celtic Dialects still extant; — Dr. Max .Muller, on the Relation of the Bengali to the 
Arian and Aboriginal Languages of India; — W. R. Birt, Fouith Report on Atmospheric 
Waves; — Prof. W. H. Dove, Temperature Table*;, with Introductor) Remarks by Lieut. -Col. 
E. Sabine ; — A. Erman and il. Petersen, Thud Repot i on the Calculation of the Gaussian Con- 
stants for 1S29. 

Together with the Transactions of the Sections, Sir Robert Harry Inglis’s Address, and 
Recommendations of the Association and its Committees. 

PROCEEDINGS of the EIGHTEENTH MEETING, at Swansea, 
ISIS, Published at 9s. 

Contents: — Rev. Prof. Powell, A Catalogue of Observations of Luminous Meteors; — 
J. Glynn on Water-pressure Engines ; — R. .Smith, on the Air and Water of Towns; — Eighth 
Report of Committee on the Growth and Vitality of Seeds , — W. R. Birt, Fifth Report on At- 
mospheric Waves ; — E. Schunck. on Colouring Matters ; — J. P. Biidd, on the advantageous use 
made ( f the gaseous escape from the Hla^t Furnaces at the Ystalyfera Iron Works; — R. Hunt, 
Report of progress in the investigation of the Action of Carbonic Arid on the Growth of 
Plant.s allied to those of the Coal Formations; — Prof. H. W. Dove, Supplement to the Tem- 
perature Tables printed in the Report of the British Association for 1847 Remarks by Prof. 
Duve on his recently constructed Maps of the Monthly Isothermal Lines of the Globe, and on 
some of the principal Conclusions in regard to Climatology deducible from them ; with an in- 
troductory Notice by Lt.-Col. E. Sabine; — Dr. Daubeny, on the progress of the investigation 
on the Influence of Carbonic Acid on the Growth of Ferns; — J. Phillips, Notice of further 
progress in Anemometrical Researches; — Mr. Mallet’n Letter to the Assiotaiit-General Secre- 
tary A, Erman, Second Report on the Gaussian Constants ; — Report of a Committee 
relative to the expediency of recommending the continuance of the Toronto Magnctical and 
Meteorological Observatory until December 1850. 

Together with the Transactions of the Sections, the Marquis of Northampton’s Address, 
and Recommendations of the Association and its Committees. 

PROCEEDINGS of the NINETEENTH MEETING, at Birmingham, 

1 849, Published at 1 0^. 

Contents:— Rev. Prof. Powell, A Catalogue of Observations of Luminous Meteors Earl 
of Uo-sse, Notice of Nebula; lately observed in the Six-feet Reflector; — Prof. Daubeny, on the 
Influence of Carbonic Acid Gas on the health of Plants, especially of those allied to the Fossil 
Remains found in the Coal Formation ; — Dr. Andrews, Report on the Heat of Combination ; 
•—Report of the Committee on the Registration of the Periodic Phenomena of Plants and 
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Animals f^Niuth Report of Committee on Experiments on the Growth and Vitality of Seeds ; 
— F. Ranalds, Report concerning the Observatory of the British Association at Kew, from 
Aug. 9, 1848 to Sept. 12, 1849 ; — R. Mallet, Report on the Experimental Inquiry on Railway 
Bar Corrosion ;—W. R. Birt, Report on the Discussion of the Electrical Observations at Kew, 

Together with the Transactions of the Sections, the Rev. T. R. Robinson’s Address, and 
Recommendations of the Association and its Committees. 

PROCEEDINGS of the TWENTIETH MEETING, at Edinburgh, 

1850, Published at 155. (Out of Print.) 

Contents: — II. Mallet, First Report on the Facts of Earthquake Phenomena; — Rev. Prof. 
Powell, on Observations of Luminous Meteors; — Dr. T. Williams, on the Structure and 
History of the British Annelida; — T. C. Hunt, Results of Meteorological Obiervations taken 
at St. Michael’s from the 1st of January, 1840 to the 31st of December, 1849; — R. Hunt, on 
the present State of our Knowledge of the Chemical Action of the Solar Radiations; — Tenth 
Report of Committee on Experiments on the Growth and Vitality of Seeds; — Major-Gen. 
Briggs, Report on the Aboriginal Tribes of India ; — F, Ronalds, Report concerning the Ob- 
servatory of the Brilisli Association at Kew ; — E. Forbes, Report on the Investigation of British 
Marine Zoology by means of the Dredge; — R. MacAndrew, Notes on the Distribution and 
Range in depth of Mollusca and other Marine Animals, observed on the coasts of Spain, Por- 
tugal, Barbary, Malta, and Southern Italy in 1849; — Prof. Allman, on the Present State of 
our Knowledge of the Freshwater Polyzoa ; — Registration of the Periodical Phenomena of 
Plants and Animrils ; — Suggestions to Astronomers for the Observation of the Total Eclipse 
of the Sun on July 28, ISol. 

Together with the Transactions of the Sections, Sir David Brewster’s^Address, and Recom- 
mendations of tlic Association and its Coniinittees. 

PROCEEDINGS of the TWENTY^FIRST MEETING, at Ipswich, 

1851, Published at 1 6s, 6d, 

Contents: — Rev. Prof. Powell, on Observations of Luminous Meteors; — Eleventh Re* 
port of (’ommittee on Experiments on the Growth and Vitality of Seeds ; — Dr. J. Drew, on 
the Climate of Soutliampton ; — Dr. 11. A. Smith, on the Air and Water of Towns : Action of 
Porous Strata, Water and Organic Matter; — Report of the Committee appointed to consider 
the probable in an Economical and Physical Point ofView of the Destruction of Tro- 

pical Eou’its ; — llenlic), on the Reproduction and supposed Existence of Sexual Organs 
in the Higher Cryptogamous Plants; — Dr. Daiibeny, on the Nomenclature of Organic Com- 
pounds ; — Rev. lir. Don.ildNon, on two unsolved Problems in Indo-German Philology;— 
Dr. T. Williams, Report on the BritiNli Annelida; — R. Mallet, Second Report on the Facts of 
Karth({uakc Phenomena ; — I.etter from Pi of. Henry to Col. Sabine, on the System of Meteoro- 
logical Ob.sei N aiions pi(>po>cd to h( c^tabli^hed in tlie EJnited States; — Col. Sabine, Report 
on the Kew Magnetograph> , — J. WeLli, Report on the Performance of his three Magneto- 
graphs during the Experimental Trial at the Kew Observatory ; — F. Ronalds, Report concern- 
ing the Observatory of the British Association at Kew', from September 12, 1850 to July 31, 
1851 ; — Ordnance Survey of Scotland. 

Together with the Tiansactions of the Sections, Prof. Airy’s Address, and Recom* 
meiuiations of the Association and its Committees. 

PROCEEDINGS of the TWENTY-SECOND MEETING, at Belfast, 

1852, Pultlislifd at 15s. 

Contents : — R. Mallet, Thiid Report on the Facts of Earthquake Phenomena; — Twelfth 
Report of Committee on Expciiments on the Growth and Vitality of Seeds ; — Rev. Piof, 
Powell, Report on Oliscrvations of Luminous Meteors, 1851—52; — Dr. Gladstone, on the In- 
fluence of the Solar Radiations on the Vital Powers of Plants ; — A Manual of Ethnological 
Inquiry ; — Col. Sykes, Mean Temperature of the Day, and Monthly F'allof Rain at 127 Sta- 
tions under the Bengal Presidency ; — Piof. J. D. Forbes, on Experiments on the Laws qf the 
Conduction of Heat; — R. Hunt, on the Chemical Action of the Solar Radiations Dr. Hodges, 
on the Composition and Economy of the Flax Plant; — W, Thompson, on the Freshwater 
Fishes of Ulster; — W. Thompson, Supplementary Report on the Fauna of Ireland; — W. Wills, 
on the Meteorology of Birmingham; — J. Thomson, on the Vortex-Water- Wheel ; — J. B. Lawes 
and Dr. Gilbert, on the Composition of Foods in relation to Respiration and the Feeding of 
Animals. 

Together with the Transactions of the Sections, Colonel Sabine’s Address, and Recom- 
mendations of the Association and its Committees. 
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PROCEEDINGS of the TWENTY-THIRD MEETING, at Hull, 
1853, Published cU 10^. 6d. 

Contents: Rev. Prof. Powell, Report on Observations of Luminous Meteors, 1852-53; 

—James Oldham, on tlic Physical Features of the Huniber; — James Oldham, on the Rise, 
Progress, and Present Posiiion of Steam Navigation in Hull; — William Fairbairn, Experi- 
mental Reseaiches to determine the Strength of Locomotive Boilers, and the causes which 
lead to Explosion; — J. J. Sylvester, Provisional Report on the Theory of Deteiminanls • 
Professor Hodges, M.D., Repoi t on the Gases evolved in Steeping Flax, and on the Composition 
and Economy of the Flax Pl.tnt ; — Thirteenth Report of Committee on Experiments on the 
Growth and Vitality of Seeds ; — Ilobeit Hunt, on the Chemical Action of the Solar Radiations; 
— Jolin P. Bell, M.b., Observations on the Character and Medsurcnicnts of Degradation of the 
Yorkshire Coast; First Report of Committee on the Ph>>ical Character of the Moo;/» Sur- 
face, as compared with that of the Earth; — R. Mallet, Provisional Report on Earthquake 
Wave-Transits; and on Seismometrical Instruments; — William Fairbairn, on the Mechanical 
Properties of Metals as derived from repeated Meltings, exhibiting the maximum point of 
strength and the causes of deterioration ; — Robert Mallet, Third Report on the F'acts ofEarih- 
qtiake Phenomena (continued). 

Together with the Transactions of the Sections, Mr. Hopkins’s Addres*, and Recommenda- 
tions of the Association and its Committees, 

PROCEEDINGS of the TWENTY-FOURTH MEETING, at Liver- 
pool, 1 854, Published at 1 Bs, 

Contents: — R. Mallet, Third Report on the Facts of Faithquakc Ph.enomcna (continued); 
-Major-General Chesnev , on the Conjtruclion and (ie netal I se of EPicient Life-Boats; — Rev. 
Prof. Powell, Thiid Ilepoit on thepre ent Slate of oui KlUl^^ledge of Radiant Heat ; — C’oloncl 
Sabine, on some of the rc-ults obtained at the British C'olonial Magnetic Observatories; — 
Colonel Portlock. Rcpoit of the Committee on Failhquake«, with ihcir proceedings uspccling 
Seismometers; — Dr, Gl.u\^tone, on the influence of the Sohi Radiations on the Vital Powers 
of Plants, Pait2; — lUv.Prof Powell, Rcjioit on Ob'^ei vations of Luminous Meteors, 1S53-51 ; 
—Second Report of the Committee on the Fhvsual Chaiactcr of the Mi. on’s Suiface ; — W. CL 
Armstrong, on the Application of M'aier- PiO'^urc Machinery : — J. B. Lawes and I)i. Gilbert, 
on the Equivalency ofStauh and Sugar m Food . — .\iehibald Smith, on the Deviations of the 
Compass in Wooden and Iron Sli;p> ; — Fouiteenth Rcjoit of ('oininitlce on F.xpciiincnts on 
the Growth and Vitality of Seeds. 

Together with the Transactions of the Sections, the Earl of Harrow hy’s Addicss, and Re- 
commendations of the Association and its Committees. 

PROCEEDINGS of the TVVEN'TV-FIFTII MEETING, at Glasgow, 
1 855, Published at 1 5s. 

Contents T. Dobson, Report on the Relation between Explosions in Coal-Mines and 
Revolving Storms; — Dr. Gladstone, on the Influence of the Solar Radiations on the Vital Powers 
of Plants growing under different Atmo-pberic Conditions, Part 3; — C. Spence Bale, on the 
British Edriopbtbalma ; — J. F. Batenran, on the present state of our knowledge on the Supply 
of Water to Towns; — Fifteenth Report of Committtc on Experiments on the Growth and 
Vitality of Seeds ; — Rev. Prof. Powell, Report on Observations of Luminous Meteors, 1854-.'>5 ; 
—Report of Committee appointed to inquire into the best me.ans of ascertaining those pro- 
perties of Metal.s and effects of various modes of treating them which are of importance lo the 
durability and efficiency of Artillery; — Rev. Prof. Henslow', Report on Typical Objects in 
Natural History; — A. Follett Osier, Account of the Self- Registering Anemometer and Rain- 
Gauge at the Liverpool Observatory; — Provisional Reports. 

Together with the 'Fransaciions of the .Sections, the Duke of Argyll’s Address, and Recoir.« 
nendations of the Association and its Committees. 

PROCEEDINGS of the TWENTY-SIXTH MEETING, at Chel- 
tenham, 1 856, Published at 1 Ss. 

Contents: — Report from the Committee appointed to investigate and report upon the 
effects produced upon the Channels of the Mersey by the alterations which within the last 
fifty years have been made in its Banks; — J. Thomson, Interim Report on progress In Re- 
searches on the Measurement of Water by Weir Boards; — Dredging Report, Frith of Clyde, 
1850; Rev, B. Powell, Report on Observations of Luminous Meteors, 1855-1856 Prof. 
Bunsen and Dr. H. E. Roscoe, Photochemical Researches Rev. James Booth, on the Trigo- 
nometry of the Parabola, and the Geometrical Origin of Logarithms R. MacAndrew, Report 
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on the Marine Testaceous Mollusca of the North-east Atlantic and Neighbouring Seas, and 
the physical conditions affecting their development; — P. P. Carpenter, Report on the present 
state of our knowledge with regard to the Mollusca of the West Coast of Noith America;— 
T. C. Eyton, Abstract of First Report on the Oyster Beds and Oysters of the British Shores; 
—Prof. Phillips, Report on Cleavage and Foliation in Rocks, and on the Theoretical Expla- 
nations of these Phenomena: Part I.; — Dr. T. Wright on the Stratigraphical Distribution of 
the Oolitic Echinodermata ; — \V. Fairbairn, on the Tensile Strength of W roiight Iron at various 
Temperatures ; — C. Atherton, on Mercantile Steam Transport Economy ; — J. S. Bowerbank,on 
the Vital Powers of the Spongiadoe; — Report of a Committee upon the Experiments conducted 
At Stormonlfield, near Perth, for the artificial propagation of Salmon; — Provisional Report on 
the Measurement of Ships for Tonnage ; — On Typical Forms of Minerals, Plants and Animals 
for Mnseuins ; — J. Thomson, Interim Report on Progiess in Researclies on the Measure- 
ment of Water by Weir Boards; — R. Mallet, on Observations with the Seismometer ;— A. 
Cayley, on the Progress of Theoretical Dynamics ; — Report of a Committee appointed to con- 
sider the formation of a Catalogue of Philosophical Memoirs. 

Together with the Transactions of the Sections, Dr. Daubeny’s Address, and Recom^ 
mendations of the Association and its Committees, 


PROCEEDINGS of the TWENTY-SEVENTH MEETING, at 
Dublin, 1857, Published at 15^. 

Contents: — A. Cajley, Report on the Recent Progress of Theoretical Dynamics; — Six- 
teenth and final Report of Committee on Experiments on the Giowth and Vitality of Seeds ; 
— James Oldhatn, C.E., continuation of Report on Steam Navigation at Hull; — Report of a 
Committee on the Detects of the present methods of Measuring and Registeiing the Tonnage 
of Shipping, as aNo of Marine Engine-Power, and to frame more perfect rules, in order that 
a correct and uniform prireiple may be adopted to estimate the Actual Carrying Capabilities 
and Woiking-Power of Steam Ships; — Robcit Were Fox, Report on the Temperature of 
gome Deep Mines in Cornwall; — Dr. G. Plarr, De quelques Transformations de la Somme 

vf ------- , , , a etant entier negatif, et dc quelques cos dans lesqucls cette somme 

0 Ir+l-ytT 

est exprimable par unc combinaison de factoriclles, la notation a^'+t designant le produit des 
t factcurs a (a-pl) (« + -) 1); — G. Dickie, M.D., Report on the Marine Zoology 

of Straiigford Lough, County Down, and corresponding part of the Irish Channel; — Charles 
Atherton, Suggestions for Statistical Inquiry into the extent to which Mercantile Steam Trans- 
port Economy is affected by the Constructive Type of Shipping, as respects the Proportions of 
Length, Breadth, and Depth ; — J. S.. Bowerbank, Further Report on the Vitality of the Spon- 
giadoB ; — John P. Hodges, M.I)., cn Flax ; — Major-General Sabine, Report of the Committee 
on lire Magnetic Survey of Great Britain; — Rev. Baden Powell, Report on Observations of 
Luminous Meteors, I85C-57*; — C. Vignolcs, C.E., on the .Adaptation of Suspension Bridges to 
sustain the passage of Railway Tiains; — Profe.'sor W. A. Miller, M.D., on Electro-Chemistry; 
—-John Simpson, R.N., Results of Thcrmomctrical Observations made at the ‘Plover’s* 
Winlcring-plitce, Point Barrow, latitude 7 1° 21' N., long. 15C° 17' W., in 1852-54; — Charles 
James Hatgreave, LL.D., on the Algebraic Couple; and on the Equivalents of Indeterminate 
Expressions; — 'I lionias (lUilb, Report on the Improvement of Telescope and Equatorial 
Mountings; — Professor James Buckman, Report on the Experimental Plots in the Botanical 
Garden of the Roval Agricultural College at Cirencester ; — William Fairbairn,on the Resistance 
of Tubes to Collapse ; — George C. ll)ndman, Report of the Proceedings of the Belfast Dredging 
(’oinmiltcc ; — Peter W. Barlow, on the Mechanical Effect of combining Girders and Suspen- 
sion drains, and a Comparison of the Weight of Metal in Ordinary and Suspension Girders, 
to produce equal dtfleciions with a given load ; — J. Park Harrison, M.A., Evidences of Lunar 
Influence on Temperature; — Report on the Animal and Vegetable Products inported into 
Liverpool from the year 1851 to liS55 (inclusive) ; — Andrew Henderson, Report on the Sta- 
tistics of Life-boats and Fishing-boats on the Coasts"ol'lhe United Kingdom. 

Together with the Transactions of the Sections, Rev. H. Lloyd's Address, and Recommen- 
dations of the Association and its Committees. 


PROCEEDINGS of the TWENTY-EIGHTH MEETING, at Leeds, 
September 1858, Published at 20s, 

CoNTEh'Tsr — R. Mallet, Fourth Report upon the Facts and Theory of Earthquake Phe- 
nomena Rev. Prof. Powell, Report on Observations of Luminous Meteors, 1857-58; — R. 
Meade, cn seme Points in the Anatomy of the Araneidea or true Spiders, especially on the 
internal structure of their Spinning Organs ;—W. Fairbairn, Report of the Committee on the 
Patent Ltwaj— S. Eddy, on the Lead Mining Districts of Yorkshire W. Fairbairni on the 



Collapse of Glass Globes and Cylinders; — Dr. E. Perceval Wright and Prof. J. Reay Greene, 
Report on the Marine Fauna of the South and West Coasts of Ireland ; — Prof. J. Thomson, on 
Experiments on the Measurement of Water by Triangular Notches in Weir Boards; — Major- 
General Sabine, Report of the Committee on the Magnetic Survey of Great Britain Michael 
Connal and William Keddie, Report on Animal, Vegetable, and Mineral Substances imported 
from Foreign Countrie!! i«Uo the Clyde (including the Ports of Glasgow, Greenock, and Port 
Glasgow) in the years 1853, 1854, 1855, 1856, and 1857 ; — Report of the Committee on Ship- 
ping Statistics; — Rev. H. Lloyd, D.D., Notice of the Instruments employed in the Mag- 
netic Survey of Ireland, with some of the Results; — Prof. J. R. Kinnhan, Report of Dublin 
Dredging Committee, appointed 1857-58 ; — Prof. J. R. Kinahan, Report on Crustacea of Dub- 
lin District; — Andrew Henderson, on River Steamers, their Form, Construction, and Fittings, 
with reference to the necessity for improving the ptesent means of Shallow- Water Navigation 
on the Rivers of British India; — George C. llvndinan, Report of the Belfast Dredging Com- 
mittee ‘Appendix to Mr. Vignoles’s paper “ On the Ad.iptation of Suspension Bridges to sus- 
tain the passage of Railway Trains;” — Report of the Joint Committee of the Royal Society and 
the British Association, for procuiing a continuance of the Magnetic and Meteorological Ob- 
servatories;— R. Beckley, Description of a Self-recording .Anemometer. 

Together with the Transactions of the Sections, Pr<»r. Owcn’i* .Addiess, and Recommenda- 
tions of the Association and its Committees. 

PROCEEDINGS OF TifE TWENTY-NINTIl MEETING, at Aberdeen, 
September 1859, Published at 15s, 

Contents; — George C. Foster, Preliminary Report on tlie Recent Progress and Present 
State of Organic Cliemiblry ; — Piofessor Buckman, Ilepoi t on the Giowth of Plants in the 
Garden of the Royal Agricultural College, Cirencc'.ter ; — Dr. A. Voelcker, Report on Field 
Experiments and Laboiatory Researches on the Constitnentu of Manures essential to cultivated 
Crops ; — A. Thom-on, Lsq., of Banchory, Report on the Aberdeen Industrial Feeding Schools; 
— On the Upper Silurians of Lesmahago, Lanarkshire . — Alphonse Gages, Report on the Re- 
sults obtained by the Mechanico-Chemical Examination of Rocks and Minerals; — William 
Fairbairn, Experiments to determine the Eniciency of Contimions and Self-acting Breaks for 
Railway Trains ; — Professor J. H. Kinahan, Report of I'ubhn Bay Dredging Committee for 
1858-59; — Rev. Baden Powell, Report on Oh^Tvations, c*f Luminous Meteors for 183H-59; 
— Professor Owen, Report on a Series of Skulls of variou'. Tribes of ’d tnkind inhabiting 
Nepal, collected, and presented to the British Museum, by Bryan 11. Hodgson, Estp, laio Re- 
sident in Nepal, &c. &c. ; — Me>srs. Ma^kelyne, lladow, llardwicb, and Llewelyn, Report on 
the Present State of our Knowledge regarding the Photograpliic Image; — G. C. Hyndman, 
Report of the Belfa't Di edging Committee for 1859 ; — James Oldham, Conlimiaiion of Repot t 
of the Progress of Steam Navigation at Hull; — Charles Atherton, Mercantile Steam Trans- 
port Economy as affected by the Consiinijition of Coals; — Warren de la Rue, Repoit on the 
present state of Celestial Pholograjdiy in England; — Professor Owen, on tlie Orders of Fossil 
and Recent Reptilia,and their Disii jbution in Time ; — Balfour Stewart, on some Results of the 
Magnetic Survey of Scotland in the years 1857 and 1858, undertaken, at the request of the 
British Association, by the late John Welsii, Esq., F.R.S.; — W, Fairbairn, The Patent Laws: 
Report of Committee on the Patent Laws; — J. Park Harrison, Lunar Influence on the Tem- 
perature of the Air; — Balfour Stewart, an Account of the Consirnction of the Self-recording 
Magnetographs at present in operation at the Kew Observatory of the British Association; — 
Prof, H. J. Stephen Smith, Report on the Theory of Numbers, Part L ; — Report of the 
Committee on Steamship performance; — Report of the Proceedings uf the Balloon Committee 
of the British Association appointed at the Meeting at Leeds ; — Prof. William K. Sullivan, 
Preliminary Report on the Solubility of Salts at Temperatures above 100^ Cent., and on the 
Mutual Action of Salts in Solution. 

Together with the Transactions of the Sections, Prince Albert’s Address, and Recommenda* 
tions of the Association and its Committees. 

PROCEEDINGS of the THIRTIETH MEETING, at Oxford, June 
and J uly 1 860, Publiihed at 1 5s. 

Contents James Glaisher, Report on Obseivations of Luminous Meteors, 1859—60;— 
J. R. Kinahan, Report of Dublin Bay Dredging Committee ; — Rev. J. Anderson, Report on 
the Excavations in Dura Den ; — Professor Buckman, Report on the Experimental Plots In the 
Botanical Garden of the Royal Agricultural College, Cirencester Rev, H. W'alker, Report of 
the Committee on Balloon Ascents; — Prof. W, Thomson, Report of Committee appointed to 
prepare a Self-recording Atmospheric Electrometer for Kew, and Portable Apparatus for ob- 
ferving Atmospheric Electricity W illiam Fairbairiif Experiments to determine the Eflectof 
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Vibratory Action and long-continued Changes of Load upon VVrought-iron Girders; — K. P, 
Greg, Catalogue of Meteorites and Fireballs, from a.d. 2 to a.d. 1860 ; — Prof. H. J, S. Smith, 
Report on the Theory of Numbers, Part II.; — Vice-Admiral Moorsom, on the Performance of 
Steam- vessels, the Functions of the Screw, and the Relations of its Diameter and Pitch to the 
Form of the Vessel -Rev. VV, V. Harcourt, Report on the Effects of long-continued Heat, 
illustrative of Geological Phenomena ; — Second Report of the Committee on Steamship Per- 
formance ; — Interim Report on the Gauging of Water by Triangular Notches ; — List of the 
British Marine Invertebrate Fauna. 

Together with the Transactions of the Sections, Lord Wrottesley’s Address, and Recom- 
mendations of the Association and its Committees. 

PROCEEDINGS of the THIRTY-FIRST MEETING, at Manches- 
ter, September 1861, Published at £1. 

Contents: — James Glaisher, Report on Observations of Luminous Meteors; — Dr. E. 
Smith, Report on the Action of Prison Diet and Discipline on the Bodily Functions of Pri- 
soners, Part I.; — Cliailes Atherton, on Freiglit as affected by Differences in the Dynamic 
Properties of Steamships ; — Warren De la line, Report on the Progress of Celestial Photo- 
graphy since the Aberdeen Meeting; — B. Stev\art, on the Theory of Exchanges, and its re- 
cent extension ; — I)rs. I‘i. Schunck, R. Angus Smith, and H. E. Roscoe, on the Recent Pro- 
gress and Present Condition of Manufacturing Chemistry in the South Lancashire District;-— 
Dr. J. Hunt, on Ethno-Cliinatology ; or, tlie Acclimatization of Man ; — Prof. J. Thomson, on 
Experiments on the Ganging of Water by Triangular Notches; — Dr. A. Voelcker, Report on 
Field Experiments and Laboratoi y Researches on tlie Constituents of Manures essential to 
cultivated Crops ; — Prof. II. Hennessy, Provisional Repot t on the Present State of our Know- 
ledge respecting tlie Transniisaion of Sound-signaU during Fogs at Sea; — Dr. P. L. Sclater 
and F. von Uochstelter, Report on tlie Present State of cur Knowledge of the Birds of the 
Genus Apteryx living in New Zealand ; — J. G. Jeffreys, Report of the Results of Deep-sea 
Dredging in Zetland, witli a Notice of sc\cral Species of Mollusca new to Science or to the 
British Isles; — Prof. J. Pliillips, Contributions to a Repoit on the Physical Aspect of the 
Moon; — W. R. Birt, Contiibution to a Report on the Physical Aspect of the Moon; — Dr. 
Collingwood and Mr. Byeilcy, Preliuunaiy Report of the Drtdging Committee of the Mersey 
and Dee; — Third Report of the Committee on Steamship Performance ; — J. G. Jeffieys, 
Preliminary Report on tlie Be&t Mode of preventing the Ravages of TVrer/o and oilier Animals 
in our Ships and Harbours; — II. Mallet, Report on the Experiments made at Holyhead to 
ascertain the Tiansil-Velociiy of Waves, analogous to Earthquake Waves, through the local 
Rock Formations ; — T. Dobson, on the Explosions in Biilish Coal-Mines during the year 1859; 
—J. Oldham, Continuation of Report on Steam Navigation at Hull; — Professor G, Dickie, 
Brief Summary of a Report on the Flora of the North of Ireland ; — Professor Owen, on the 
Psychical and Physical Characters of the Mincopies, or Natives of the Andaman Islands, and 
on the Relations thereby indicated toother Races of xMunkind; — Colonel Sykes, Report of the 
Balloon Connnillee ; — Major-General Sabine, Report on the Repetition of the Magnetic Sur- 
vey of Flnghind ; — Interim Report of the Committee for Dredging on the North and East 
Coasts of Scotland ; — W. Fail bairn, on the Resistance of lion Plates to Statical Pressure and 
the Force of Impact by Projectiles at liigli Velocities ; — W. Fairbairn, Coniinuation of Report 
to determine the effect of Vibratory Action and long-continued Changes of Load upon 
Wrought-Iron Girders; — Report of the Committee on the Law of Patents; — Prof. H. J. S. 
Smith, Report on the Theory of Numbers, Part III. 

Together with the Transactions of the Sections, Mr. Faiibairn's Address/ and Recommen- 
dations of the Association and its Committees. 

PROCEEDINGS of the THIRTY-SECOND MEETING, at Cam- 
bridge, October 1862, Published at £1. 

Contents ; — James Glaisher, Report on Observations of Luminous Meteors, 1861-62; — 
G. B. Airy, on the Strains in the Interior of Beams ; — Archibald Smith and F. J. Evans, 
Report on the three Reports of the Liverpool Compass Committee ; — Report on Tidal Ob- 
servations on the W umber ; — T. Aston, on Rifled Guns and Projectiles adapted for Attacking 
Armour-plate Defences ; — Extracts, relating to the Observatory at Kew, from a Report 
presented to the Portuguese Government, by Dr. J. A. de Souza;— H. T. Mennell, Repoit 
on the Dredging of the Northumberland Coast and Dogger Bank ; — Dr. Cuthbert Colling- 
wood, Report upon the best means of advancing Science through the agency of the Mercan- 
tile Marine; — Messrs. Williamson, Wheatstone, Thomson, Miller, Mattbiessen, and Jenkin, 
Provisional Report on Standards of Electrical Resistance ; — Preliminary Report of the Com- 
mittee for investigating the Chemical and Mineralogical Composition of the Granites of Dp- 
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ncgal Prof. 11. Henncssy, on the Vertical Movcmetits of the Atmosphere considered in 
connexion with Storms and Changes of Weather; — Report of Committee on the application 
of Gauss’s General Theory of Terrestrial Magnetism to the Magnetic Variations; — Fleeraing 
Jenkin, on Thermo-electiic Currents in Circuits of one Metal W, Fairbairn, on the Me- 
chanical Properties of Iron Projectiles at High Velocities; — A. Cayley, Report on the Pro- 
gress of the Solution of certain Special Problems of Dynamics ; — Prof. G. G. Stokes, Report 
on Double Refraction ; — Fourth Report of the Committee on Steamship Performance 
G. J. Symons, on the Fall of Rain in the British Isles in ISGO and 1861 ; — J. Ball, onThcr- 
mometric Observations in the Alps ;—J. G. Jeffreys, Report of the Committee for Dredging 
on the N.and E. Coasts of Scotland ; - Report of the Comuuttce on Technical and Scientific 
Evidence in Courts of Law ; — James Glaisher, Account of Eight Balloon Ascents in 1862 ; — 
Prof. II. J. S. Smith, Report on the Theory of Numbers, Part IV. 

Together with the Transactions of the Sections, the Rev. Prof. R. Willis’s Address, and 
Recommendations of the Association and its Committees. 

PROCEEDINGS of the THIRTY-THIHD IMEETING, at New- 
castle-upon-Tyne, August and September ISGB, Puhlishcd at Xl 5s, 

Contents : — Report of tlie Committee on the Apjilic.ati on of Gun-cotton to Warlike Ihir- 
poses; — A. Mattliiessen, Report on the Chemical Nature of Alloys; — Report of the Com- 
mittee on the Chemical ami Mincralogical Constitution of the (iramtes of Doncc^al, and of 
the Rocks associated with them; — J. G. Jeffreys, Ur pint of the Connnittce njjpointcd for 
Exploring the Coasts of Shetland l>y nicans of the l)rcd ;c; — (L D. (iihh, Report on the 
Physiological Effects of the Bromnle of Ammonium ; — K Ak> n, on the Trausimitniion of 
Spectra' Rays, Part I.; — Dr. Robinson, Rejiort of the Coinmiitce on To-,; Signals; — Report 
of the Committee on Standards of Electrical Resistance ; — E. Siuitli, Abstiact of Report by 
the Indian Government on tlie Foods used b} the Fire and Ja 1 Populations in India; — A. 
Gages, Synthetical Researches on the rorination of Miner.ds, Ac ; — K. Mallet, Preliminary 
Report on the Experimental Determination of the Temperatures of Volcanic Foci, and of the 
Temperature, Stale of Saturation, and Vtlocity of llic issuing Caves and Vajiours ; — Ucpoit 
of the Comniitlec on Ohsei vatioiiN of Luminous Meteors; — lifth Report of the Committee 
on Steamship Performance; — C. J. Allman, Repoit on the Prevent State of our Knowledge 
of the Reproductive Svstem in tb.c Hydrmda; — J Glaisher, Account of Live Balloon Ascents 
made in 1863; — P, P. Carpenter, Supplcmenta’-A Report on the IVes^mt State of our Know- 
ledge with regard to the Slolliisca of the West Coast of North Amciica; — Prof« bSf‘r Airy, 
Report on Steam-boiler Explosions; — V. W. Siemens, Observations on the Electrical Resist- 
ance and Electrification of some Insulating Materials under I’ressures up to 300 Atmo- 
spheres; — C. M. Palmer, on the Construction of Iron bi>i]>s and ilic Progress of Iron Ship, 
building on the Tmic, War, and Tees ; Me.vsrs. Rnhaidvon, Stc\cnsoii, and Claph.im, on 
the Chemical Manufactures of the Norihcni Districts; — Messrs. Sopwith and Richardson, 
on the Local Manufacture of Lead, Cojiper, Zinc, Antimony, Ac. ; — Messrs. Daglish and 
Forster, on the Magnesian I.iincstoiie of Durham I. L. Bell, on the Manufacture of Iron 
in connexion with the Northumberland and Durham C<*al. field ; — T. Spencer, on the Mann- 
facturc of Steel in the Northern District; — 11. J. S. Smith, Report on the Iheory of Num- 
bers, Part V. 

Together with [the Transactions of the Sections, Sir William Armstrong’s Address, and 
Rcconiniciidations of the Association and its Commiitees. 

PROCEEDINGS of the THIUTY-rOURTII MEETING, at Batli, 
September 1864, PvUished at 185. 

Contents: — Report of the Committee for Observations of Luminous Meteors ; Re|>ort 
of the Committee on the best means of prosiding for a Uniformity of Wtights and Mea- 
sures; — T. S. Cobhold, Report of Experiments respecting flic I>c\elo|)ment and Migration 
of the Entozoa ; — B. W. Richardson, Report on the Physiological Action of Nitrite of Amyl; 
— J. Oldham, Report of the Committee on Tidal fM)ser\aiions ; — G. S. Brady, Report on 
deep-sea Dredging on the Coasts of Northumhcrhnd and Durham in 1864 ; — J, Glaisher, 
Account of Nine Balloon Ascents made in 1863 and 1864 ; — J. G. Jeffreys, Further Report 
on Shetland Dredgings ; — Report of the Committee on the Distribution of the Organic 
Remains of the North Staffordshire Coal-field;— -Report of the Committee on Standards of 
Electrical Resistance; — G. J. Symons, on the Fall of Rain in the British Isles in 1862 and 
1863; — W. Fairbairn, Preliminary Investigation of the Mechanical Properties of the pro- 
posed Atlantic Cable. 

Together with the Transactions of the Sections, Sir Charles LycH’s Address, and Rccom* 
mendations of the Association and its Committees. 
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PROCEEDINGS of the TIIIRTY-FIFTH MEETING, at Birming- 
ham, September 1865, Published at £1 5s, 

Contents : — J. G. Jeffreys, Report on Dredging among the Channel Isles ; — F. Buckland, 
Report on the Cultivation of Oysters by Natural and Artificial Methods ; — Report of the 
Committee for exploring Kent’s Cavern ; — Report of the Committee on Zoological Nomen- 
clature; — Report on the Distribution of the Organic Remains of the North Staffordshire 
Coal-field; — Report on the Marine Fauna and I'lnra of the South Coast of Devon and Corn- 
wall ; — Interim Report on the Resistance of Water to Floating and Immersed Bodies ; — Re- 
port on Observations of Luminous Meteors ; — Report on Dredging on the Coast of Aberdeen- 
shire; -J. Glaishcr, Account of Three Balloon Ascents; — Interim Report on the Transmis- 
sion of Sound under Water; — G. J. Symons, on the Rainfall of the British Isles; — W. Fair- 
bairn, on the Strength of Materials considered in relation to the Construction of Iron Ships ; 
— Report of the Gun-Cotton Committee ; — A. F. Osier, on the Horary and Diurnal Variations 
in the Direction and Motion of the Air at Wrotteslcy, Liverpool, and Birmingham ; — B. W. 
Richardson, Second Report on the Physiological Action of certain of the Amyl Compounds ; 
— Report on further Researches in the Lingula-flags of South Wales; — Report of the Lunar 
Committee for Mapjiing the Surface of the Moon ; — Report on Standards of Electrical Re- 
sistance -Report of the Committee appointed to communicate with the Russian Govern- 
ment respecting Magnetical Observations atTiflis; — Appendix to Report on the Distribution 
of the Vertebrate Remains from tiie North Staffordshire Coal-field; — H. Woodward, First 
Report on the Structure and Classification of the Fossil Crustacea; — H. J. S. Smith, Report 
on the Theory of Numbers, Pait VL; — Report on the best means of providing for a Unifor- 
mity of Weights and Measures, with reference to the interests of Science; — A. G. Findlay, 
on the Bed of the Ocean; — Prolcssor A. W. Williamson, on the Composition of Gases 
evolved by the Bath Spring called King’s Bath. 

Together with tlie Transactions of the Sections, Professor Phillips’s Address, and Recom- 
mendations of the Association and its Committees. 


PKOCT^^EDINGS of thk THTHTr-SlXTlI MEETING, at Notting- 
liain, August ISOG, Published at £l is. 

CoNTLNT'i* — Second Report on Kent’s Cawrn, Dc\onshire ; — Matthiessen, Preliminary 
Rv'pmt on the Chemical Nature of Cast Iivin ; — Report on Observations of Luminous Meteors ; 
— W. S. Mitchell, Re port on itic Alum Bay Leaf-bed; — Report on the Resistance of Water 
to Floating and Immersed Bodies; — Dr. Norris, Report on Muscular Irritability; — Dr, 
Richaiilson, Kcj’ort on the Pli} biological Action of ccrtaji compounds of Am}l and Ethyl; — 
II. Woodward, Second Report on tlo* Structure and Classification of the Fossil Crustacea; — 
Second Ropoit on the *‘Mcnc\i4ia Group,’' and the other Formations at St. David’s, Pem- 
brokeshire ; — J. (I. Jcffrc} s, Repot t on 1 tredging among the Hebrides ; — Rev. A. M. Norman, 
Report on the Coasts of the Hebrides, Part 11. ; — J. Alder, Notices of some Invertebrata, in 
connexion with Mr. Jeffreys’s Rejiort ; — G. S. Brady, Report on the Ostracoda dredged 
amongst the Hebrides; - Report on Dredging in the Moray Fiith ; — Report on the Transmis- 
sion of Sound-Signals under Water; — Report of the Lunar Committee ; — Report of the 
Rainfall Coimnittee; — Report on the best means of providing for a Uniformity of Weights 
and Measures, with reference to the Interests of Science ; — J. Glaishcr, .Account of Three Bal- 
loon Ascents ; — Report on the Extinct Birds of the Mascarene Islands ; — Report on the pene- 
tration of Ircm-clad Ships by Steel Shot ; — J. A. Wankhn, Report on Isomerism among the 
Alcoliols ;— Report on Scientific Evidence in Courts of Law -, — A. L. Adams, Second Report 
on Maltese Fossiliferous Caves, Ac. 

Together with the Transactions of the Sections, Mr. Grove’s Address, and Recommendations 
of the Association and its Committees. 


PEOCEED1NG8 of the TlllRTY-SEVENTH MEETING, at 
Dundee, September IvSGT, Published at £1 Qs. 

Contents : — Report of the Committee for Mapping the Surface of the Moon ; — ^Th’ird 
Report on Kent’s Cavern, Devonshire; — On the present Stale of the Manufacture of Iron 
in Great Britain ; — Third Repoit on the Structure and Classification of the Fossil Crustacea; 
— Report on the Physiological Action of tlic Methvl Compounds; — Preliminary Report on 
the Exploration of the Plant-Beds of North Greenland ; — Report of the Steamship Perform- 
ance Committee; — On the Meteorology of Port Louis in the Island of Mauritius; — On the 
Construction and Works of the Highland Railway j—jSxperimeptal Researches on the Me* 
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chanical Properties o£ Steel j — Heport on the Marine Fauna and Flora of the South Coast of 
Devon and Cornwall ; — Supplement to a Report on the Extinct Didiue Birds of the Masca^* 
rene Islands;— Keport on Observations of Luminous Meteors; — Fourth Report on Dredging 
among the Shetland Isles ; — Preliminary Report on the Crustacea, &c., procured by the 
Shetland Dredging Committee in 1867 ; — Report on the Foraminifera obtained in the Shet* 
land Seas; — Second Report of the Rainfall Committee ;-~Report on the best means of 
providing for a Uniformity of M'eights and Measures, with reference to the Interests of 
Science; — Report on Standards of Electrical Resistance. 

Together with the Transactions of the Scclions, and Recommendations of the Association 
and its Committees. 


PEOCEEBINGS of the TlIlRTr-ElGllTlI MEETING, at Nor- 
Avicli, August 1808, FtthlMrd a( £1 5^. 

Contents —Report of the Lunar Committee;— Fourth Report on Kent’s Cavern, Devon- 
shire ;— On Puddling Iron ;— Fourth Report on the Structure and Classification of the 
Fossil Crustacea ;— Report on British Fossil Corals;— Report on Spectroscopic Investigations 
of Animal Substances;— Report of Steamship IVrformance Committee ; - Spectrum Analysis 
of the Heavenly Bodies;— On Stellar Spectrometry ;— Report on the Physiological Action of 
the Methyl and allied C’ompouruL ; --Kcpoit on the Action of Mercury on the Biliary 
Secretion ;— Last Report on Diedging among the Siietland Isles; —Reports on the Cnihtaeca, 
&c., and on the Aiiiiehda and Foraminifera fiom the Shetland Dredgings ; Repoit on the 
Chemical Nature of Cast Iron. Part I.; Interim Report on the Safety of Merchant Ships 
and their Passengers ; -Report on Observations of Luminous Meteors ; ’ Preliminarv Rcpoit 
on Mineral Veins containing Organic Remains ; Report on the desirahiliiy of Evpiorations 
between India and China ; - Report of Rainfall ( ommittce ; ~ Kcporl oii Sv iitlietical Re- 
searches on Organic Acids Report on Cmrnuity of We.ghis and Measiiru ;— Report of the 
Committee on Tidal Observations Uepoi t of llie Committee on Underground Temperature ; 
— Changes of the Moon’s Surface ; — Rcpoit on Polyatomic Cyanides. 

Togclhei with the Transactions of the Sections. Dr. Honker’s Address, and Recommenda- 
tions of tlie Association and its Committees. 


PEOCEEDIXGS OF the TiriKTY-NlXTII AIEETIXG, nt Exc-kt, Au* 

gust 18G9, PahVished at £\ '2s, 

Contents :—Re[>ort on tlie I’iant-heds of North (Ireenland ;—RcjK)rt on the evisiing 
knowledge on the Stability, Propulsion, and Sca-going Qualities of Ships Report on 
Steam-boiler Explosions ;— Preliminary Report on the Determination of the Cases existing 
in Solution in Well-waters The Pressure of Taxation on Real Property;— Dn the Che- 
mical Reactions of Light discovered by Prof. Tvndall;— On Fossils obtained at Kdtorkan 
Quarry, co. Kilkenny Report of the Lunar Couiniittee Report on the Chemieal Na- 
ture of Cast Iron; — Report on the Marine Fauna and Flora of the south coast of Devon 
and Cornwall; — Report on the Practicability of establishing ‘'a Close Time” for the Protec- 
tion of Indigenous Animals ; — Lxpcrimental Researches on the Mechanical Properties of 
Steel Second Report on British Fossil Corals;— Report of the Committee appointed to 
get cut and prepared Sections of Mountain-limestone Corals for Photographing ;— Report on 
the rate of Increase of Underground Temperature; — Fifth Report on Kent’s Cavern, De- 
vonshire ; — Report on the Connexion between Chemical Constitution and Pliysiological 
Action; — On Emission, Absorption, and Reflection of Obscure Heat; — Report on Obscr. 
vations of Luminous Meteors Report on Uniformity of Weights and Mea^-ures ; — Report on 
the Treatment and Utilization of Sewage Supplement to S(‘cond Report of the Steam- 
ship-Performance Committee Report on Recent l*rogress in Elliptic and Hjperdliptic 
Functions; — Report on Mineral Veins in Carboniferous limestone and tlicir Organic Con- 
tents Notes on the Foraminifera of Mineral Veins and the Adjacent Strata Report of 
the Rainfall Committee Interim Report on the Laws of the Flow and Action of Water 
containing Solid Matter in Suspension Interim Report on Agriculiurnl Machinery; — 
Report on the Physiological Action of Mcthvl and Allied Series ;— On the Influence of 
Form considered in Relation to the Strength of Kailway-axles and other nortions of Machi- 
nery subjected to Rapid Alterations of Strain ;- On the Penetration of Armour-plates with 
Long Shells of Large Capacity fired obliquely ;— Report on Standardsof Electrical Kcilstance. 

rogeiher with the Transactions of the Sections, Prof. Slokc&’s Address, and Recom- 
wendatiohs of the Association and its Committees. 
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PROCEEDINGS op the FORTIETH MEETING, at Liverpool, Septem- 
ber 1870, Pahlished at 18.?. 

Contents : — Report on Steam-boiler Explosions ; — Report of the Committee on the 
Haematite Iron-ores of Great Britain and Ireland Report on the Sedimentary Deposits of 
the River Onny; — Report on the Chemical Nature of Cast Iron ; — Report on the practica- 
bility of establishing “ A Close Time’^ for the protection of Indigenous Animals; — Report 
on Standards of Electrical Resistance ; — Sixth Report on Kent’s Cavern ; — Third Report on 
Underground Temperature; — Second Report of the Committee appointed to get cut and 
prepared Sections of Mountain-Limestonc Corah ; — Second Report on the Stability, Pro- 
pulsion, and Sea-going Qualities of Ships; — Report on Earthquakes in Scotland; — Report 
on the Treatment and Utilization of Sewage; — Report on Observations of Luminous Me.* 
tcors, 1809-70; — Report on Recent Progress in Elliptic and llyperelliptic P’unctions;— 
Report on Tidal Observations; — On a new Steam-power Meter; — Report on the Action of 
the Mcllivl and Allied Series; — Kcpoit of the Rainfall Committee; — Report on the Heat 
generated in the Blood in the jirocess of Arterialization ; — Report on the best means of 
providing for Uniformity of ^V eights and Measures. 

Together with the Transactions of the Sections, Prof, lluxlej’s Address, and Recommen- 
dations of tlie Association and its Committees. 


PROCEEDINGS of thk FORTY-FIRST ^^iEETIXG, at Edinburgh, 
A ugust 1871, V I at H J.s- . 

Contknte: — S eventh Uepoit on Kent’s Ca\crn; — Fourth Report on Underground Tem- 
]»crat\ire ; — Report on Observations of Luminous Meteors, 1^70 71 . — Fifth Report on the 
Struelurc and Classilieation of tlie Fossil Crustacea; Report for the jmrpose of urging on 
Her Majesty’s (lovernmeiit the expediency of arranging and tabulating the results of the 
npiiroaching Census in tlie three seveiai parts of the United Kingdom in such a manner as 
to admit of ready and effective coinpain^on; — Report fur the purjiosc of Superintending the 
puhliealion of Ahstraots of Chcmieal paper*; — Report of the Committee for di*cussing 
Ohscivations of Lunar Objects suspected of change ; -Second Provisional Report on the 
'fhertnal Comluetivity of Metals; — Repoit on tlic Rainfall of the British Isles; — Third 
Report on the British Fossil Corals ; — Report on the Heat generated in the Blood during the 
jirocess of Arterialization ; — Report of the CoinmUtee appointed to consider the subject of 
phvsiologieal i]\pcrimentation ;— Rcpoit on tlic Physiological Action of Organic Cliemical 
Compounds; — Kepfirt of the Committee appointed to get cut and prepared Sections of 
Mountain-Rirnestonc Corals; — Second Report on Steam-Boiler Explosions Report on the 
Treatment and Utilization of Sewage; Report on promoting the Foundation of Zoological 
Stations in different parts of theNVorld ; — Preliminary Report on the Thermal Equivalents of 
the Oxides of Chlorine; — Report on the practicability of establishing a “Close Time” for 
the protection of Indigenous Animals; — Rejiort on Earthquakes iii Scotland; Report on 
the best means of providing for a Uniforniity of Weights and Mcasiiies; — Report on Tidal 
Observations. 

Together with the Transactions of the Sections, Sir M’illiam Thomson’s Address, and 
Kecomnicndations of the Association and its Comnuttecs. 

PROCEEDINGS of the FORTY -SECOND jMEETING, at 
Brighton, August Is7-, Published at .£1 4^. 

CoNTKNTs Reijort on the Gaussian Constants for the Year 1829; — Second Supplemen- 
tary Report on the Extinct Birds of the Mascarene Islands; — Report of the Committee for 
Superintending the Monthly Reports of the Progress of Chemistry; — Report of the Com- 
mittee on the best means of providing for a l^iiforinity of Weights and Measures ; — Eighth 
Kojiort on Kent’s Cavern ; — Report on promoting the Foundation of Zoological Stations in 
different parts of the World; — Fourth Report on the Fauna of South Devon; — Preliminary 
Report of the Committee appointed to Construct and Print Catalogues of Spectral Rays 
arranged upon a Scale of Wave-numbers;— Third Kepoit on Steam-Boiler Explosions; — 
Report on Observations of Luminous Meteors, 1871-72; — Experiments on the Surface- 
friction experienced by a Plane moving through water; — Report of the Committee on the 
Antagonism between the Action of Active Substances; — Fifth Report on Underground 
Temperature; — Preliminary Report of the Committee on Siemens’s Electrical-Resistance 
Pyrometer; — Fourth Report on the Treatment and Utilization of Sewage ; — Interim Report 
of the Committee on Instruments for Measuring the Speed of Ships and Currents; — Report 
on the Rainfall of the British Isles ; — Report of the Committee on a Geographical Explora. 
tiuii of the Country of Moab; — Sur I’dlimiuation dcs Fonctions Arbitraires -Report on the 
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Discovery of Fossils in certain remote parts of the North-western Highlands ; — Report of the 
Committee on Earthquakes in Scotland ; — Fourth Report on Carboniferous-Limestone Corals ; 
— Report of the Committee to consider the mode in which new Inventions and Claims for 
Reward in respect of adopted Inventions are examined and dealt with by the different 
Departments of Govern nient ; — Report of the Committee for discussing Observations of 
Lunar Objects suspected of change; — Report on the Mollusca of Europe; — Report of the 
Committee for investigating the Chemical Constitution and Optical Properties of Essential 
Oils; — Report on the practicability of establishing a ** Close Time” for the preservation 
of indigenous animals ; — Sixth Report on the Structure and Classiriention of Fossil Crustacea ; 
— Report of the Committee to organize an Expedition for observing the Solar Eclipse of Dec. 
12, 1871 ; Preliminary Report of a Committee on Terato-cmhryological Inquiries; — Report 
on Recent Progress in Elliptic and Hyperclliptic Functions ; — Report on Tidal Observations ; 
— On the Brighton Waterworks ; — On Amsicr’s Planimeter. 

Together with the Transactions of tlic Sections, Dr. Carpenter’s Address, and Recom- 
mendations of the Association and its Committees. 
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1870. jCiiURc ii, A. II., F.C.S., I^ofessor of C'heinistiy' in the Boyal Agri- 
cultural College, Cirencester. 

1800. JChurch, William Selby, M.A. 1 llarcourt-buildings, Temple, London, 


1857. JChurehill, F., M.D. 15 SteplienVgreen, Dublin. 

1808. J(3abburn, W. 11. Thorpe, Norwich. 

180,3. iClapham, A. 3 Oxford -street, Newcastle-on-Tyne. 

1803. iClapham, Henry. 5 SUnimorhill-grove, Nevrcastle-on-Tyne. 

Is55. §(T>apham, Borkrt Calvkrt. Garsdon House, Garsdon, Newcastle- 
on-Tyne. 

1809. §(3app, Frederick. 44 Magdalen-sti'cet, Exeter. 

1857. iClartmdon, Frederick ATUiers. 11 Blessington-street, Dublin. 


1850. 

1840. 

1801. 


Clark, Courfui t/ K, 

|(3ark, David, (’oupar Angus, Fifeshire. 

(Mark, G. T. Bombay j and Athenaeum Club, London, S.W. 
•('lark, Henry, M.D. 2 Arundel-gaidens, Kensington, London^ W. 
1 Clark, Latimer. 5 Westininster-chambers, Yictoria-streeL London. 

tJ \\r * ' 


1855. jClark, Bev. William, M.A. Barrhead, near Glasgow, 

1805. jClarke, Bev. Charles. Charlotte-road, Edgbaston, Birmingham. 

Clarke, George, Mosley-street, Manchester. 

1872. •Clarke, Hyde. 32 St. GeorgeVsquare, Pimlico, London. S.W. 
1801. •(3arke, J. IJ. Lark Hill House, Edgelev, Stockport. 

1842 . Clarkt, Joseph, 
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1851. JClarkk, Joshua, F.L.S. Fairycroft, Saffron Walden. 

Clarke, Thomas, M.A. Knedlington Manor, Ilowden, Yorkshire. 
1861. Charles, M.D. 101 Piccadilly, Manchester. 

•Clay, Joseph Travis, F.G.S. llostrick, near Brif^house, Yorkshire. 
1850. •Clay, Colonel William. The Slopes, Walla.sea, Cheshire. 

1800. jClayden, P. W. 13 Tavistock-sqiiare, London, W.C. 

1850. JClkohoux, Hugh, M.I)., F.L.S., late Conservator of Forests, Madras. 

Stravithy, St. Andrews, Scotland. ^ 

1859. jCleghom, John. Wick. 

1801. §Clel AND, John, M.D., F.R.S., Profe.s5k)r of Anatomy and Physiology 

in Queen’s College, Galway. 

1857. ^Clements, llenr%’. Dromin, Listowel, Ireland. 

|Clerk, Rev. H. il. Deverill, Warminster, A\'iltshire. 

Clkbke, Rev.C'.C., D.I)., Archdeacon of O.vford and Canon of Christ 
Church, Oxford. Milton Rectory, Abingdon, Berkshire. 

1852. jClibbom, Edward. Royal Irish Academy, Dublin. 

1873. §Cliff, John. Ilalton, Runcorn. 

1809. §Clifford, William KiNfiDox, M.A., Proft*ssor of Applied Mathe- 
matics and Mechanics in Cniversity College. 14 Maiy land-road. 
Harrow-road, London, 

1805. JClift, John E., C.E. Redditch, Bromsgrove, near Birininghani. 
1861. •Clifton, R. Bkllamv, M.A., F.R.S., F.lt. A.S , JVofe^gor c>f Evperi- 

mental Philosophy in the l'niv('i*sity <*r Oxford. Portland 
Lodge, Park Town, Oxford. 

Clonbrot'k, Lord Robert Clonbrock. (talway. 

1854. JClose, The Very Rev. Francis, M.A. Carlisle. 

1806. §Close, Thomas, F.S.A. St. Jaines’^-street, Xoliingham. 

1873. §Clough, John. Bracken Bank, Keighlev, Yurkshin*. 

1859. jClouston, Rev. Charles. Sandwick, Grfeney. 

1861. •Clouston, Peter. 1 Park-terrace, (Glasgow. 

186-3. •Clutterbuck, Thomas. Warkworth, Acklington. 

1808, jCoaks, J. B. Thonx*, Norwich. 

1855. 'Coats, Sir Peter. tN ooddde, I’aisley. 

1855. 'Coats, Thomas. Fergeslie House, Paisley. 

Cobb, Iklward, South Bank, West<»ii, near Bath. 

1851. 'CoBBOLD, John Chkvalliku, Holywells, Ipgwieh ; and Athemcuin 
(3uh, London, S.W. 

1864. JCOBBOLD, T. SpKNUF.n, M.D., F.R.S., F.L.S.^Lectun ronZoology 

and Comparative Anatomy at the Middlesex Hospital. 42 Har- 
ley-street, London, W. 

1804. •Cochrane, James Henry. Lower Baggot- street, Dublin. 

1854. jCockev, William. Burnb.uik-gardens, (ilasgow. 

1801. 'Coe, llev. Charles (\, F.R.G.S. llighlield, Bolton. 

1805. jCoghill, H. Newcastle-under-Lyme. 

1853. J Colchester, William, F.G.S. Grundesburgh Hail, Ipswich. 

1808. iColchester, W. P. Bassingliourn, Royslon. 

1859. •Cole, Henry Warwick, Q.C. Warwick. 

1800. IColeman, J., F.C.S. St. Georges-place, Glasgow. 

1854. 'Colfox, William, B.A. Westinead, Bridport, Dorsetshire. 

1857. JColles, William, M.I). 21 Stephen’s-green, Dublin. 

1861. •Collie, Alexander. 12 Kensington Palace-gardens, London, W, 
1869. JCollier, W. F. VV’'oodtowji, llorrabridge, South Devon. 

1854. JCOLLINGWOOD, CuTiinKRT, M.A., M,ll, F.L.S. 4 Grove-terrace, 
Ikdvedere-road, Upper Norwood, Siim*y, S.K. 

1861. 'CoUingwood, J. Fretienck, F.G.S. Anthropological Institute, 4 St, 
MartinVplaee, London, W.C. 

1865. •Collins, James Tertius. Churchtleld| Edgboston, Birmingham. 
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CoUis, Stephen Edward. Listowel, Ireland. 

18G8. •CoLMAN, J. J., M.P. Carrow House, Norwich; and 108 Cannon- 
street, Londoii, E.C. 

1870. §Coltart, Robert. The Hollies, Aigbiirth-road, Liverpool. 

Colthiirst, J ohn. Clifton, Bristol. 

"" Compton, The Rev. Lord Alwyn. Cattle A'»hby, Northampton- 
shire. 

1846. •('ompton, Ix)rd William. 145 Piccadilly, London, W. 

1852. tConual, Michael. 10 Lynedock-terrace, Glasfrow. 

1871. ^Connor, Charles C. Hope House, Collep^e Park East, Belfast. 

1864. •Conwell, Eugene Alfred, M.R.I.A. Trim, (’o, Meath, Ireland. 

1866. tCooKK, Edm'aiit) William, R, A., F.R.S., F.L.S., F.G.S. Glen 

Andred, Groom bridge, Sussex; and Athenfeum Club, Pall 
Mall, London, S.W. 

1868. JCooke, Rev. (Jeorge 11. The Parsonage, Thorpe, Norwich. 

(,’ookcL Janies R., M.A. 76 Blessington-street, Dublin. 

Cooke, J. B. Cavendish Road, Birkenhead. 

1868. §CooKK, M. C., M.A. 2 <trosvenor-villa«, Upper Holloway, Lon- 
don, N. 

Cooke, Rev. T. L., M.A. Magdalen College, Oxford. 

Cooke, Sir William Fothergill. Ttdegraph Othce, Lotlibiiry, London, 

1850. *Cooke, William Ilenrv, M.A., (^-C., F.S.A. 42 Wimpole-street, W, ; 

and Rainthorpe Hall, Long Stratton. 

3865. 1 Cooksey, Joseph. We.'*! Bromwich, Bimiingham. 

1862. •Cookson, Rev. 11, W., D.I). St. IVter's C.'ollege Lodge, Cambridge. 
18^16. jCookson, N. C. Benwell Tower, Newcastle-on-Tyne. 

i860. §C%>oling, Edwin. Mile Ash, Derby. 

18.50. ICooiucu, .Sir IIknhy, M.l). 7 Charlotte-.'^treet, Hull. 

(.'ooper, Janie.s. oM lVmbridge-\iila.«», Bayswater, London, W. 

1868. {Cooper, W. J. 28 Duke-street, We'^tmiintiT, S.W. 

1816. iCooper, William White. 10 Berkeley-square, London, W, 

1871. iCopeland, Ralph, Ph.J>. lhirson**town, Ireland. 

1868. {Copenian, JMward, M.D. Cpper King-street, Norwich. 

1866. {Coppin, John. North Shields. 

1842. •(/orh«*t, Richard. Bayshill I>awn, Cheltenham. 

1842. (-'orbett, Edward. Ravenoak, Clieadle-huline, Cheshire. 

1855. I Corbett, Joseph Henry, M.D., Professor of Anatomy and Physiology, 
(Queen’s Collegt*, Cork, 

1870. •CoHFiKi.T), W. H., M.A., M.B., F.G.S., Professor of Hygiene and 
Public Health in Cuiversity (\dlege. 10 Bolton-row, Mayfair, 
London, W. 

Cormnck, John Rose, M.D., F.R.S.E. 5 Bedford-sqnare, London, 
W.C. 

Cory, Rev. Robert, B.D., F.C.P.S. Stangi'ound, Peterborough. 
Cottam, George. 2 Winsley-stroet, l^ondoii,W. 

1857. jCottam, Saiuind. Brazennose-street, Mancliester. 

1855. JCotterill, Rev. Henry, Bishop of Grahnmstown. 

1864, §CoTT().v, General Fukdkrick C. AthemBuin Club, Pall Mail, 

London, S.W. 

1860. {Cotton, William. Peniisylvania, Exeter. 

•Cotton, lle^ . William Charles, M.A. Vicarage, Frodshaui, Cheshire. 

1865. jCourtald, Samuel, F.R.A.S. 76 lioncaster-gatc, London; and 

Goflfield Hall, Essex. 

1864. IC^owaii, (^harles. 68 West Register-street, Edinburgh. 

Cowan, John. A'alleytield, Peunycuick, Edinburgh. 

1863. iCowan, John A. Bfaydon Burn,* Durham. 
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1863. JCowaii, Joseph, jun. Biftydon, Durham. 

1872. •Cowan, Thomas* William. Hawthorn House, Horsham* 

1873. •Cowans, John. Cranford, Middlesex. 

Cowie, Rev. Benjamin Morgan, M.A. 42 Upper HarRy -street, 
Cavendish-square, London, W. 

1871. JCowper, C. E. 3 Great Goorge-street, Westminster, 8.W. 

1800. JCowper, Edward Alfred, M.f.C.E. 0 Great George-street, West- 
minster, S.W. 

1867. •Cox, Edward. Clement Park, Dundee. 

1867. •Cox, George Addison. Beechwood, Dundee. 

1867. jCox, James. Clement Park Lochee, Dundee. 

1870. •Cox, James. 8 Falkner-square, IJverpool. 

Cox, Robert. 2o Rut land-street, Edinburgh. 

1867. •Cox, Thomas Hunter. Duncarse, Dundee. 

1867. tGox, William. Foggier, Lochee, by Dundee. 

1866. •Cox, William H. W ri^ewhall -street, Birmingham. 

1871. jCox, William J. 2 Vanburgh-plnce, Leith. 

1854. JCbace-Calvkrt, FnEnKRirK. Ph.D., F.R.S., F.(\S., Iloiiorarr Pro- 

fessor of Cheinistrv to the Manchester Royal Institution. Royal 
Institution, Manchester. 

Craig, J. T. (iibson, IMl.S.E. 24 York-place, Edinburgh. 

1859. JCraig, S. The AVallands, Lew(‘.s, Sussex. 

1857. JCrampton, Rev. Josiah., M.R.I.A. The Rectoiy, Ilorence-court, Co* 

Fennanagb, Ireland. 

1858. ^Cranage, Edward, Ph.D. The Old Hall, M'ellinglon, Shropshire. 
1871. •Crawford, AVilliam Caldwell. Engh‘ Foundry, Port Dundas, Glas** 

gow. 

1871. §Craw8haw, Edward. Biimlev, Lancashire. 

1870. *Craw8hRy, Mrs. Robert. C'vlarlbfa Castle, Merthyr T^dvil. 

Creyke, ^The A'enerable Archdeacon. Bee ford Rectory, Driffield. 
186«3. ICrocker, Edwin, F.C.S. 76 llungerford-road, IJoliowav, London, 
N. 

1858. i Crofts, John, llillaiy -place, lA?eds. 

1859. jCroll, A. A. 10 Coleman-street, I>ondon, E.C. 

1857. iCrolly, Rev. George. Maynooth C'ollege, Ireland. 

1855. JCrompton, Charles, M.xV. 22 Hyde J^ark-square, JiOndon, W, 
•Crompton, Rev. Joseph, M.A.* Bracondale, Norudeh, 

1866. tCronin, William. 4 Brunel-terrace, Nottingham. 

1870. jCrookea, Joseph. Marlborough House, Brook Green, Hammeramith, 
London W. 

1865* SCrookes, William, F.R.8., F.C.S. 20 Momington-road, Regent’s 
Park, London, N.W. 

1855. JCropper, Rev. John. Wareham, Dorsetshire. 

1870. jCrostield, C. J. 5 Alexander-drive, Prince’s Park, Liverpool. 

1870. •Crosfield, William, jun. 5 Alexander-drive, Prince’s Park, Liverpool, 
1870. JCrostield, William, sen. Annesley, Aigburth, Liverpool. 

ISfll. |Cross, Rev. John Edward, M.A. Appleby Vicarage, near Brigg. 

1868. iCrosse, lliomos William. 8t. Giles *s-«treet, Norwich. 

1867. §Chokskey, Rev. H. W., F.Q.S. 28 George-street, Edgbaston, Bir* 

minghara. 

3853. J Crosskill, William, C.E. Beverley, Yorkshire. 

1870. •Crossley, Edward, F.R. A.8. BcTineraide, Hedifax. 

1871. JCrossley, Herbert,. Broomfield, Halifax. 

1860. •Crossley, Louis J., F.M.8. Moorside Observatory, near Halifax. 
1865. jCrotcb, George Robert. 19 Trumpington-street, (Cambridge. 

§Crowley, Henry. Smedley New Half, C-heetbam, Manehestt«r. 

1863. jCrudda^, George. ElswicK Engine Works, Newcastle-oti-Tytie. 
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1860. 

1859. 

1873. 

1869. 

1801. 

1861. 

1852. 

1809. 

1856. 

1850. 

1800. 

1807. 

1857. 
1800. 
1834. 


iCruickshank; John. Gity of Glasgow Eank^ Aberdeen, 
iCruickshank, Provost. Macdull^ Aberdeen. 

§ Crust, Walter. Hall-street, Spalding. 

CuUey, Robert. Bank of Ireland, Dublin. 

JCumming, Sir A, P. Gordon, Bart. Altyre. 

•Cunliffe, Edward Thomas. The Elms, Handforth, Manchester. 
•Cunliffe, Peter Gibson. Handforth, Manchester. 

JCunningham, John. Macedon, near Belfast. 

jCuNNiNGHAM, Professor Robeut O., M.D. Queen’s College, Belfast. 
jCunningham, William A. Manchester and Livei-pool District Bank, 
Manchester. 

1 Cunningham, Rev. William Bruce. Prestonpaiis, Scotland. 
tCunnington, John. 08 Oakley-square, Bedford New Town, London, 

^Cursetjee, Manockjee, F.R.S.A., Judge of Bombay. Villa-Byculla, 
Bombay. 

jCurtis, Professor Arthur Hill, LL.D, 6 Trinity College, Dublin. 

I Custtis, llev. F. L, 

•Cuthbert, John Richmond. 40 Chapel-street, Liverpool. 


1863. tDaglish, ,Tohn. Iletton, Durham. 

1854. jDaglish, Robert, C.E. Orrell Cottage, near Wigan. 

1863. JDale, J. B, South Shields. 

1853. I Dale, Rev. P. Steele, M.A. Hollingfare, Warrington. 

1865. fDale, Rev. R. W. 12 Calthorpe-street, Birmingham. 

1867. JDalgleish, W. Dundee. 

1870. XFaHinger, Rev, JF, IL 

Dalmahov, James, F.R.S.E. 9 Forres-street, Edinburgh. 

1850. tDalrympIe, Charles Elphinstone. West Hall, Aberdeenshire. 

1859, JDalrvmple, Colonel, IVoup, Scotland. 

Dalton, Edward, LL.D., F.S.A. Dunkirk House, Nailsworth. 
Dalziel, John, M.l), Holm of Drumlanrig, Thornhill, Dumfriesshire. 

1862. J Dauby, T. W. Downing Collge, Cambridge. 

1859. I Dancer, J. B., F.R.A.S. Old Manor House, Ardwick, Manchester. 
1873. §Dauchill, F. 11. Vale Hall, Horwdch, Bolton, Laucn.¥hire. 

1849. •Danson, Joseph, F.C.S. 97 City-road, Hulme, Manchester. 

1859. JDarbishire, Ciiarles Janies. Rivington, near Chorley, Lancashire. 
1861. •DARBiKinuK, Robert Dukinfieeb, B. A., F.G.S. 26 George-street, 
Manchester. 

1852. XDarhy^ Rei\ Jonathan Z. 

Darwin, Charles R., M.A., F.R.S., F.L.S., F.G.S., Hon. F.R.S.E., 
and M.R.I.A. Down, near Bromley, Kent. 

1848. iDaSilva, Johnson. Burntwood, Wandsworth Common, London, 
S.W. 

1872. § Davenport, John T. 64 Marine Pamde, Brighton. 

Davey, Richard, F.G.S. Redruth, Coni wall. 

1870. IDaviason, Alexander, M.D. 8 Peel-street, Toxteth Park, Liverpool. 
1859. J Davidson, Charles. Grove House, Auchmull, Aberdeen. 

1871. § Davidson, David. Newbnttlo, Dalkeith, N.B. 

1859. jDavidson, Patrick. Inchmarlo, near Aberdeen. 

1872. JDavidson, Thomas, F.R.8., F.G.S. 8 Demnoik-termce, Brighton, 

1868. tDonV, Rev. W. C. 

1870. I Davies, Edward, F.C.S. Royal Institution, Liverpool. 

1863. jDavies, Griffith, 17 Cloudesley-etreot, Islington, London, N. 

Davies, John Birt, M.D. The l^aurtds, Edgbaston, Birmingham. 
1842. Davies-Collcv, Dr. Tlmmns. 40 Whitefiiara, Chester. 

1873. •Davis, Alfred. Sun Foundiy, Leeds. 

c2 
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1870. *Davi 3 , A. S. Roiiiuihay Mcara«;^e, near Leeds. 

1864. JDavis, Chvrles E., F.S.A. 55 Pulteney-street; Bath. 

Davis, Rev. David, B.A. Lancaster. 

1873. § Davis, James W. Albert House, Greetland, near Halifax. 

1856. *Davis, Sir Joiint Francis, Bart., K.C.B., F.R.S., F.R.G.S. Holly- 

wood, Westbury by Bristol. 

1859. JDavis, J. Barnard, M.D., F.R.S., F.S.A. Shelton, Hanley, Staf- 
fordshire. 

1859. *Da\ds, Richard, F.L.S. 9 St. HeleiTs-place, London, E.C. 

1873. § Davis, William Samuel. 1 Cambridge-villas, Derby. 

1864. iDa'sdson, Ricliard. Ik verley-road. Great Driffield, Yorkshire. 

1857. IDav}^ Edmund W., M.D. Kimmagc Lodge, Roundtown, near 

Dublin. 

18(39, JDaw, John. Mount Radford, Exeter. 

1869. jDaw, R. M. Bedford -circus, Exeter. 

1854. ^Dawbam, William. Elmswood, Aigburth, Livei*pool. 

Dawes, John Samuel, F.G.S. Jjappel Lodge, Quinton, near Bir- 
mingham. 

1800. *Dawes, John T., jun. Perry Hill House, Quinton, near Binningham. 

1864. JDawkins, W. Boyd, M. A.,* F.R.S., F.G.S., F.S.A. Birch vie w, Nor- 

nian-road, Rusholme, Manchester. 

1865. jDawson, George, M.A. Shenstone, Lichfield. 

^Dawson, Henry. Shu-le-Crow House, Keswick, Cumberland. 
Dawson, John. Bariev House, Exeter. 

1855. JDawson, John W., M‘,A., LL.D., F.R.S., Principal of M‘Gill Col- 

lege, Montreal, Canada. 

1859. * Dawson, Captain William G. Plumstead Common-road, Kent, 
S.E. 

1871. JDay, St. John Vincent. ICG Biichanan-street, Glasgow. 

1870. §De^on, G. F. Rock Ferrj', Liverpool. 

1861. J Deacon, Henry. Appleton House, near Warrington. 

1870. J Deacon, Henry Wade. Kiiio^’g College, London, W.C. 

1859. JDean, David. Banchory, Aberdeen. 

1861. JDean, Henry. Colne, Lancashire. 

1870. •Deane, Rev. George, I). Sc., B.A., F.G.S. ^loseley, Birmingham. 
1854. §Deank, Henry, KI-«.S. Clapham Common, London, S. W. 

1860. IDebus, Heinrich, Ph.D., F.R.S., F.C.S. Lecturer on Chemistry 

at Guv’fe Hospital, London, S.E. 

1854. *De La Rue, Warren, D.C.L,, Ph.D., F.R.S., F.C.S., F.R.A.S. 
73 Portland -place, London, W. 

1870. JDe Meschin, Thomas, M.A., LL.D. 3 Middle Temple-lane, Tem- 
ple, E.C. 

Denchar, John. Mominjjside, Edinburgh. 

•Dent, Joseph. Ribston Ilall, Wetherby. 

Dent, William Yerbury. Royal Arsenal, Woolwich, S.E. 

1870. •Denton, J. Bailey. 22 Whitehall-place, London, S.W. 

1850. •Derby, The Right Hon. the Earl of, LL.D., F.R.S., F.R.G.S. 23 St. 

James’s- square, London, S.W. ; and Knowsley, near Liverpool. 
De Saumarez, Rev. Havilland, M.A. St. Peter’s Rectory, North- 
ampton. 

1870. JDesmona, Dr. 44 Irvine-street, Edge Hill, Liverpool. 

1868. JDess^i, lOtlieldred, M.B., F.R.C.S. 43 Kensington Gardens-square, 
Bayswater, London, W. 

De Tabley, George, Lord, F.Z.S. Tabloy House, Knutsford, 
Cheshire. 

1809. |Devon% The Right lion, the Earl of. Powderham Castle, near 
Exeter. 
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•Devonshibe, William, Duke of, K.G., M.A., LL.D., F.Il.S., F.G.S., 
F.R.G.S., Chancellor of the University of Cambridge. Devon- 
shire House, Piccadilly, London, W . ; and Chatsworth, Derby- 
shire. 

1868. §Dewaii, James, F.R.S.E. Chemical Laboratory, The University, 
Edinburgh. 

1872. JDewick, Rev. E. S. The College, Eastbourne, Sussex. 

387.L *Dew-Smith, A. G. Rushett House, Thames ])itton. 

1858. JDibb, Thomas Townend. Little Woodhouse, Leeds. 

3870. Colonel C. H. 

1852. IDickie, George, M.A., M.D., F.L.S., Professor of Dotany in the 

University of Aberdeen. 

1864. ^Dickinson, F. 11., F.G.S. Kingweston, Somerton, Taunton j and 121 

St. George ’s-square, London, S.W. 

3866. JDickinson, G. T. Claremont-place, Newcastle-on-Tyne. 

1861. •Dickinson, William Leeson 1 St. James ’s-street, Manchester. 

1867. §Dickson, Alexander, M.D., Professor of 13otany in the University of 

Glasgow. 11 Royal-circus, Edinburgh. 

1868. I Dickson, J. Thompson. 33 Harley-street, London, W. 

1863. *Dickson, William, F.S.A., Clerk of the Peace for Northumberland. 
Alnwick, Northumberland. 

3862. *Dilke, Sir Charles Wentworth, Bart., M.P. 76 Sloane -street, 
l..ondon, S.W. 

1848. tDiLLW'YN, Lewis Llewelyn, M.P., F.L.S., F.G.S. Park weni, near 
Swansea. 

1872. §Dines, George. Grosvenor-road, London, S.W. 

3860. jDingle, Edward. 10 Iving-street, Tavistock. 

1859. •Dingle, Rev. J. Lanchester Vicarage, Durham. 

1837. Dirc’ks, Henry, C.E., LL.D., F.C.S. 48 Chaiing-cross, l.ondon, 

S.W. 

3868. JDittmar, W. The Universit3% l^klinburgh. 

1853. jDixon, Edward, M.Inst.C.E. Wilton House, Southampton. 

1865. jDixon, L. Hooton, Cheshire. 

1861. jDixoN, W. Hkpavorth, F.S.A., F.R.G.S. 6 St. JamesVterrace, 
London, N.W. 

•Dobbin, Leonanl, M.R.l.A. 27 Gardiner s-place, Dublin. 

1851. JDobbin. Orlando T., I^L.D., M.R.l.A. Ballivor, Kells, Co. Meath. 

1860. *l)obbs, Archibald l:Cdward, M.A. Richmond-road, Ealing, W. 

186-1. *Dobson, William, Oukwood, Bathwick Hill, Bath. 

Dockray, Benjamin. 

1870. *Dodd, John. 0 Canning-place, Liverpool. 

3857. tDodds, Thomas W., C.K. Rotherham. 

•Dods worth, Benjamin. Burton Croft, York. 

•Dodsworth, George. The ]Mount, York. 

Dolphin, ,Tohn. Delves House, Berry Edge, near Gateshead. 

1851. JDomvile, William C., F.Z.S. Thorn Hill, Bray, Dublin. 

1867. jDon, ,Tohn. The Lodge, Broughty Ferry, by Dundee. 

1867. |Don, William G. St. Margaret's, Broughty Ferry, by Dundee. 

1873. §Donham, Thomas. Huddersfield, 

•Donisthoi'pe, George Edmund. Belvedere, Harrogate, Yorkshire. 

1860. JDonisthorpe, G. T. St. David’s Hill, Exeter. 

1871. JDonkin, Arthur S(’0TT, M.D., Lecturer on Forensic Medicine at 

Durham University. Sunderland. 

1861, JDonnelly, Captain, R.E. South Kensington Museum, London, W. 
1857. •Donnelly, William, (kB., Registrai'-Geiieral for Ireland. Charle- 

mont House, Dublin. 

1857. JDonovan, M., M.R.l.A. (^lare-street, Dublin, 



22 


LIST OF MEMBERS. 


Year of 
Election. 

1807. tBougall, Andrew Maitland, R.N. Scotscraig, Tayport, Fifesliiro. 

1871. JDougall, John, M.D. 2 Cecil-place, Paisley-road, Glasgow. 

1803. * Doughty y C. Mmtagu. 

1855. tDovE, Hectob. Rose Cottage, Trinity, near Edinburgh. 

1870. JDowie, J. M. Walstones, West Kirby, Livei’pool. 

Bowndl, Rev. John. Okehanipton, Devon. 

1857. JDo WNiNG, S., LL.D., Professor of Civil Engineering in the University 

of Dublin. Dublin. 

1872. •Dowson, Edwai'd, M.D. 117 Park -street, London, W, 

1865. *Dowson, E. Theodore. Geldestone, near Beccles, Suffolk. 

1869. XDrake, Francis , F\G.S. 

Drennan, William, M.R.I.A. 35 North Cumberland-street, Dublin. 

1868. §Dresseb,HenbyE., F.Z.S. GTeulerdeu-street,Hanover-8quare,W. 

1873. §Drevv, Frederick. Surbiton. 

1869. §Drcw, Joseph, LL.l)., F.G.S., F.R.S.C., F.R.S.L, Weymouth. 

1865. I Drew, Robert A. 6 Stanley-place, Duke-street, Broughton, Manchester. 
1872. *Druce, Frederick. 27 Oriental-place, Brighton. 

Drummond, II, Home, F.R.S.E. Blair Drummond, Stirling. 

1858. JDrummond, James. Greenock. 

1859. J Drummond, Robert. 17 Stratton-stroet, London, W. 

1866. *Dry, Thomas. 23 Gloiicester-road, Regent’s Park, London, N.W, 
1863, fDiyden, James. South Benwell, Northumberland. 

1870. §Drysdale. J. J., M.l). 30a Rodney -street, Liveimool. 

1856, *Ducie, Henry John Reynolds" Morkton, Earl of, F.R.S. 16 

Portman-square, London, W. j and Tort worth Court, Wotton- 
imder-Edge. 

1870, ^Duckworth, Henry, F.L.S., F.G.S. 5 Cook-street, Liverpool, 

1807. *Duff, Mounstuart Ephinstone Grant-, LL.B,, M.P. 4 Queen’s 

Gate-garden. s, South Kensington, London, W. ; and Eden, near 
Banff, Scotland. 

1852. JDufterin, The Right Hon. Lord. Highgate, London, N. j and Clande- 

boye, Belfast. 

1859. *Duncan, Alexander. 7 Prince ’s-gate, London, S.W. 

3859. JDuncaii, Charles. 52 Union-place, Aberdeen. 

1866. *Duncan, James. 71 Croiuwell-road, South Kensington, London, W. 

Duncan, .1. F., M.D. 8 Upper Merrion-street, Dublin, 

1871. IDuncan, James Matthew, M.D. .30 Charlotte-eouare, Edinburgh. 

1867. JDuncan, Peter Martin, M.D.,F.R.S.,F.G.S., Professor of Geology . 

in King’s College, London. 40 Bleasington-road, Lee, S.E. 
Dunlop, Alexander. Clober, Milngavie, near Glasgow. 

1853. ^Dunlop, William Henrv. Annan-hill, Kilmaniock, AyT.sbire. 

1865. §Dunn, David. Annet llouse, Skelmorlie, by Greenock, N.B. 

1862. §Dunn, Robert, F.ll.C.S. 31 Norfolk-srteet, Strand, London W.C. 
Dunnington- Jefferson, Rev. Josepli, M.A., F.C.P.S. Thicket Hall, 
York. 

1859. JDuns, Rev. John, D.D., F.R.S.E. New College, Edinburgh. 

1852. jDunville, William. Richmond Lod^e, Belfast. 

1866. jDimrey, Perry. Woodbury Down, Stoke Newington, London, N. 
1869. JD’Urban, W. S. M., F.L.S. 4 Queen- terrace, Mount Radford, 

Exeter. 

1860. JDurham, Arthur Edward, F.R.C.S., F.L.S., Demonstrator of 

Anatomy, Guy’s Hospital, 82 Brook-street, Grosvenor-square, 
London, W. 

Dykes, Robert. Kilmorie, Torquay, Devon. 

1869. §Dymond, Edward E. Oaklands, .^pley Guise, Woburn. 

1868. :(:Eade, Peter, M.D. Upper St. Qiles^s-street, Norwich. 



LIST OF MEMBERS. 


23 


Tear of 
Election. 

1861. JEadaon, Richard. 13 Ilyde-road, Manchester. 

1864. \Barle^ liev. A, 

*Earnshaw, Rev. Samuel, M.A. 14 Broomfield, Sheffield. 

1871. ^Easton, Edward. 23 Duke-street, Westminster, S.W. 

1863. § Easton, James. Nest House, near Gateshead, Durham. 

Eaton, Rev. George, M.A. The Pole, North wich. 

1870. §Eaton, Richard. North Mymms Park, Hatfield, Herts. 

Ebden, Rev. James Collett, M. A., F.R. A.S. Great Stukeley Vicarage, 
Huntingdonshire. 

1807. JEckersley, JaniiLS. Leith Walk, Edinburgh, 

1861. jEcroyd, William Farrer. Spring Cottage, near Bimiley. 

1858. *Eddiaon, Francis. Blandford, Dorset. 

1870, *Eddison, Dr. John Edwin. 29 Park-square, Leeds. 

*Eddy, James Ray, F.G.S. Carleton Grange, Skipton. 

Eden, Thomas. Talbot-road, Oxton. 

♦Edoewouth, Michael P., F.L.S., F.R.A.S. Mastrini House, 
Anerley, T^ondou, S.E. 

1855. JEdmiston, Robert. Elmbank-crescent, Glasgow. 

1859. JEduiond, James. Cardens Haugh, Aberdeen. 

1870. *Ednionds, F. B. 8 York-place, Northam, Southampton. 

1867. *Edward, Allan. Farington Hall, Dundee, 

1807. §Edward, Charles. Chambers, 8 Bank-street, Dundee. 

1807. J Edward, James. Balruddery, Dundee. 

Edwards, John. Halifax. 

1855. ^Edwards, Professor J. Baker, Ph.D., D.C.L. Montreal, Canada. 

1807. J Edwards, William. 70 Princes-street, Dundee. 

•Egerton, Sir Philip i>e Malpas Grkv, Bart., M.P.,F.R.S., F.G.S, 
Oulton Park, Tarporley, Cheshire. 

1859. •Eisdale, David A., M.A. 38 Dublin-street, Edinburgh. 

1873. §Elcock, Charles. 71 Market-street, Manchester. 

1855. J Elder, David. 19 Patersoii-street, Glasgow. 

1858, jElder, John. Elm Park, Govan-road, Glasgow. 

1808. §Elger, Thomas Gwyn Empv, F.R.A.S. St. Mary, Bedford. 

Ellacombe, Rev. H. T., F.S.A. (dyst, St. George, Topsham, Devon. 

1803. ^Elleiiberger, J. L. Worksop. 

1855. §Elliot, Robert, F.B.S.E. Wolfelee, Hawick, N.B, 

1861. •Elliot, Sir Walter, K.C.S.I., F.L.S. Wolfelee, Hawick, N.B. 

1804. J Elliott, E. B. Washington, United States. 

1872. jElliott, Rev. E. B. 11 Sussex-square, Kemp Towm, Brighton, 

Elliott, John Fogg. Elvet Hill, Durham. 

1804. •Eljus, Alexander John, B. A., F.R.S. 25 Argjll-road, Kensington, 
Ijondon, AV. 

1859. JEllis, Henry S., F.R.A.S. Fair Park, Exeter. 

1864. •Ellis, Joseph, Hampton Ijodge, Brighton. 

1864. §Elli8, J. A\ alter. High House, Thornwaite, Ripley, Y^orkshire. 

•Ellis, Rev. Robert, A.M. The Institute, St. Saviours Gate, YTork, 
1869. I Ellis, AVilliam Horton. Penns vlvania, Exeter. 

Ellman, Rev. E. B. Berwick Rectory, near Lewes, Sussex. 

1802, JElphinstone, H. AV., ALA., F.L.S. Cadogan-place, London, S.AV. 

Eltoffc, William. Care of J. Thompson, Esq., 30 New Cannon-street, 
Manchester. 

1803. JEmbleton, Dennis, AI.D, Northiimberland-street, Newcastle- oii- 

T)me. 

1803. JEniery, Rev. AV., B.D. Corpus Christi College, Cambridge. 

1858. {Empson, Christopher. Bramhope Hall, Leeds. 

1886, JEnneld, Richard. Low Pavement, Nottingham. 

1866, t Enfield, William. Low Pavement, Nottingham. 



24 


LIST OF MEMBEKS. 


Year of 
Electiou. 

1871. T. 11 rol'tland-teiTace, Regent’s Park, London, N.W, 
1853. tEuglisli, Edg-ar Wilkins. Yorkshire Banking Company, Lowgate, 

Hull. 

1869. jEuglish, J. T. Stratton, Cornwall. 

Enniskillen, William Willoughby, Eai*l of, D.C.L., F.R.S., 
M.R.I. A,, F.G.S. 26 Eaton-place, Loudon, S. W. ; and Florence 
Court, Fermanagh, Ireland. 

1860. JEnsor, Thomas. St. Leonards, Exeter. 

1869. *Enys, John Davis. Canterbury, New Zealand. (Care of F. G. Ems, 

Esq., Enys, Penryn, Cornwall.) 

1814. lEriclisen, John Eiic, Professor of Clinical Surgery in University 
College, London. 9 Cavendish-place, London, W. 

1864. *Eskrigge, It. A., F.G.S. 18 Ilackins-hev, Liverpool. 

1862. *Esson, AVilliam, M.A.,F.R.S., F.C.S., U.R.A.S. Merton College; 

• and 1 Bradmore-road, Oxford. 

Estcourt, Rev. AV. J. B. Long Newton, Tetbury. 

3869. JEthekidge, Kobekt, F.R.S.E., F.G.S., Palaeontologist to the Geolo- 
gical Survey of Great Britain. Aluscuim of Ihactical Geology', 
.lermvn-strcet; and 19 llalsey-street, Cadogan-place, London, 
S.AV.‘ 

1855. •Eiiing, William. 209 AVest Georg-e-street, Glasgow. 

1870. *Evans, Arthur John. Na^h Alills, Hemel Hempstead. 

1865. •Evans, Kev. Charles, M.A. Solihull Rector, Birmingham. 

1872. *Evans, Fredenck J., C.E. Clayponds, Brentford, AA\ 

1869. •Evans, II. Saville AV. AViniblecloii Park House, AA’imbledon, S.W. 

1861. *Evans, John, F.R.S., F.S.A., Sec. G.S. 65 Old Bailey, London, 

E.C. ; and Nash Mills, Ibunel Hempsted. 

1865. |Evans, Si:bastian, M..\., LL.D. Highgate, near Binningham. 

1866. J Evans, Thomas, F.G.S. Bel per, Derbyshire. 

1865. •Evans, AVilliam. Ellerslie, Augustus-road, Edgbaston, Biiminghaiu. 
Evanson, It. T., M.D. Holme Hurst, Torquay. 

1871. §Eve, H. AA\ AVellington College, AVokingham, Berkshire. 

1868. •Everett, J. 1)., D.C^.L., Profe.s.sorof Natural Philosophy in Queen’s 
College, Belfast. Rushmere, Alaloiie-road, Belhist. 

1863. •Everitt, (reorge Allen, K.L., K.H., F.R.G.S. Ivnowle Hall, AVar- 

wickshin*. 

1859. •Ewing, ^Wchibald On-, Al.P. Ballikinrain Castle, Killeam, Stirling- 
shire. 

1871. *Exley, John T., M.A. 1 Cotham-road, Bristol. 

1846. *EyTe, George Edward, F.G.S., F.R.G.S. 59 Lowndes-square, 
London, S.AV”. ; and AA'aiTen’s, near Lyndhurst, Hants. 

1806, JEyre, Major-General Sir ATnci^nt, F.R.G.S. Athenceum Club, 
I’all Mall, London, S.AV. 

Eyton, Charles. Hendred House, Abingdon. 

1849. JEyton, T. C. Eyton, near AA’ellington, Salop. 

1842. Fairbairn, Thomas. Manchester. 

•Fairbairn, Sir AATlliam, Bart., C.E., LL.D., F.R.S., F.G.S., 
P’. R. G . S. Manchester. 

1865. JP'airley, Thomas. Chapel Allerton, Leeds. 

1870. JFairlie, Robert, C.E. AA^oodlands, Clapham Common, London, S.AA”. 
3864. JFalkner, F. IL Lyncomhe, Bath. 

1873. §FarakerIey, Miss. The Castle, Denbigh. 

1869. tFarquharson, Robert O. Houghton, Aberdeen, 

1861. ^Farr, William, M.D., D.C.L., F.R.S., Superintendent of the Statis- 
tical Department, General Registi^^ Office. Southlands, Bicklev, 
Kent. 



LIST OF MEMBERS. 


26 


You r of 
Election. 

1800. *Farrar, Rev. Frederick William^ D.D., F.R.S. Marlborough 
College, Wilts. 

1857. |:Farrelly, Rev. Thomas. Royal College, Maynooth. 

1809. *Faulcouer, R. 8. Fai^la^v^l, Clarence-road, Clapham Park, London. 
1869. *Faulding, Joseph. 340 Euston-road, London, N.W. 

1869. JFaulding, W. F. IJidsbuiy College, Manchester. 

1859. ^Fawcett, Henry, M.P., Frofessor of Political Economy in the Uni- 
versity of Cambridge. 42 Bessborough -gardens, Pimlico, Lon- 
don, 8.W. ; and 8 Trumpington-street, Cambridge, 

186-3. IFawcus, George. Alma-place, North 8hield8. 

1833. Fearon, John Peter. Cuckfield, 8ussex. 

1845. JFelkin, William, F.T^.S. The Park, Nottingham. 

Fell, John B. JSpark’s Bridge, Ulverston, Lancashire. 

1804. §Feldowks, Frank P., F.8.A., F.8.S. 8 The Green, Hampstead, 

London, N.W. 

1852. J Fenton, 8. Greanie. 9 College-square, and Keswick, near Belfast. 
1855. f Ferguson, James. Gas Coal Works, Lesmahago, Glasgow. 

1859. jFerguson, John. Cove, Nigg, Iiiveniess. 

1871. §Fergu8on, John. The College, Cilasgow’. 

18(37. JFerguson, Robert M., IMi.B., F.R.S, E. 8 Queen-street, Edinburgh. 

1857. jFerguson, Samuel. 20 North Great George-street, Dublin. 

1854. jFerguson, William, F.L.8., F.G.S. Kinmundy, near Mintlaw, 
Aberdeenshire. 

1867, *Fergu8son, H. B. 13 Airlie-place, Dundee. 

1863, *Fernip:, John. Bonchurch, Isle of Wight. 

1862, |Ferrer8, Rev. N. M., M.A. Cains College, Cambridge. 

1873. jFerrier, David, M.l). 23 Somerset-street, Portman-square, W. 

1808. } Field, Edward. Norwich. 

Field, Edwin W. 36 Lincoln’s-Inn-iields, London, W.C. 

1869. *FhELD, lioGERS. 5 Cannon-row, Westminster, S.W. 

Fielding, G. H,, 31.1}. 

1864. IFinch, Frederick George, B.A., F.G.S. 21 Crooms-hill, Greenwich, 

S.E. 

Finch, John. Bridge Work, Chepstow. 

Finch, John, jun. Bridge Work, Chepstow. 

1859. :}: Findlay, Alexandi:r George, F.R.G.S. 53 Fleet-street, London, 
E.C . ; Dulwich Wood Park, Surre}". 

1863. J Finney, Samuel. Sheriff-hill Hall, Newcastle-upon-Tyne. 

18(38. JFirth, G. W. W, St, Giles’s-street, Norwich. 

Firth, Thomas. Northwick. 

1863. •Firth, William. Burlev Wood, near Leeds. 

1851. *FiscirER, William L. F., M.A., LL.D., F.R.S,, Professor of Mathe- 
matics in the Univei*sity of St. Andrews, Scotland. 

1858. IFishboiirne, Captain E. G., R.N. 6 Welamere-terrace, Padding- 

ton, London, W. 

1869. J Fisher, Rev. Osmond, M.A., F.G.S. Harlston Rectory, near Cam- 
bridge. 

1873. §Fisher, William. Maes Fron, near Welshpool, Montgomeryshire. 
1858. j Fish wick, Henry. Carr-hill, Rochdale. 

1871. •Fison, Frederick W., F.C.S. Crossbeck, Ilkley. 

1871. §Fitch, j. G., M.A. 6 Lancaster-terrace, Regent’s Park, London, 
N.W. 

1868, jFitch, Robert, F.G.S., F.S.A. Norwich. 

1857. jFitzgerald, The Right Hon. Lord Otho. 13 Dominick-street, Dublin. 
1867. JPitzpatrick, Thomas, M.D. 31 Lower Bagot-street, Dublin. 

Fitzwilliam, Hon. George Wentworth, F.R.G.S. 19 Grosvenor- 
square, London, S.W. ; and Wentworth House, Rotherham. 



so 


LIST OF ME5IBERS. 


Yoar of 
Election. 

1805. JFleetvrood, D. J. 45 George -street, St. Paul’s, Birmingham. 

Fleetwood, Sir Peter Ilesketh, Bart. Bossall Hall, Fleetwood, 
Lancashire. 

1850. JFIeming, Professor Alexander, M.D. 121 lingley-road, Birmingham. 
Fleming, Christopher, M.D. Merrion-square North, Dublin. 
Fleming, John G., M.D. 155 Bath-street, Glasgow. 

♦FLE^riNG, William, M.D. Rowton Grange, near Chester, 

1867. §Fletcher, Alfred E. 21 Overton-street, Liverpool. 

1870. JFletcher, B. Edgington. Norwich. 

1853. JFletchkr, Isaac, F.R.S., F.G.S., F.B.A.8. Tarn Bank, Work- 

ington. 

1869. §Fletcheh, liAviNCTOx E., C.E. 41 Coi*poration-street, Manchester. 

Fletcher, T. B. E., M.D. 7 Waterloo-strect, Birmingham. 

1862. ^Flower, William Henry, F.B.8., F.L.8., F.G.S., F.R.C.S., Hun- 
terian Professor of Comparative Anatomy, and Conservator of the 
Museum of the Royal College of Surgeons. Royal College of 
Surgeons, Lincoln’s-Inn-fields, London, W.C. 

1867. JFoggie, William. Woodville, Marvfield, Dundee. 

1854. ^Forbes, David, F.R.S., F.G.S., F.C.S. 11 York-place, Portmaii- 

square, London, W. 

1873. *Forbes, Professor George, B.A., F.R.8.E. Anderson's ITniversity, 
Glasgow. 

1855. JForbes, Rev. .lolin. Symington Manst*, Biggar, Scotland. 

1855. JForbes, Rev. John, D.l). 150 West Regent-street, Glasgow. 

Ford, H. R. Morecombe Lodge, Yealand Conyers, Lancashire. 

1866. JFord, William. Hartsdown Villa, Kensington Park-gardens East, 

London, W. 

*Forrest, William Hutton. The Terrace, Stirling. 

1867. jForster, Anthony. Newsham Grange, Winston, Darlington. 

1849. ^Forster, Thomas Emerson. 7 Ellisou-place, Newcastle-upon-Tyne. 

•Forster, William. Ballvnuro, Clon(‘s, Ireland. 

1858. ♦Forster, Right Hoii. William Edward, M.P. Wharfeside, Bur- 

ley-in-Wharfedale, Leeds. 

1871. JP'orsyth, William F. Denham Green, Trinity, Edinburgh. 

1854. •Fort, Richard. 24 Queen’s-gate-gardens, London, W.j and Read 
Hall, Whalle}^ Lancashire. 

1870. JForw^ood, William B. Hopeton House, Seaforth, IJveqiool. 

1865. JFoster, Balthazar W., M.D. 4 01d-squart‘ Binniiigham. 

1865. •Foster, Clement Lk Neve, B.A., D.Sc., F.G.8. Truro, Cornwall. 
1857. •Foster, George C., B.A., F. R.8., F. (AS., Professor of Experimental 
Physics in University College, London, W.(J. 12 Ililldrop-rood, 
London, N. 

•Foster, Rev. John, M.A. The Oaks Vicarage, I.»oughborough. 

1845. JlFoster, John N. Sandy Place, Sandy, Bedfordshire. 

1859. •Foster, Michael, M.A., M.D., F.R.S., F.L.S., F.O.S. (General 

Secretary.) Trinity College, and Great Shelford, near Cam- 
bridge. 

1859. §Fosteb, Peter Le Neve, M.A. Society of Arts, Adelphi, lAjndon, 
W.C. 

1873. §Fo8ter, Peter Le Neve, jun. Mortara, Italy. 

1^3. JFoster, Robert. 80 Rye-hill, Newcastle-upon-Tyue. 

1859. •Foster, S. Lloyd. 01<f Park Hall, Walsall, Staffordshire. 

1873. •Foster, William. Harrowins House, Queenshury, Yorkshire. 

1842. Fother^U, Benjamin. 10 The Grove, Boltons, West Bromptoii, 
London. 

1870. JFoulger, Edward. 55 Kirkdale-road, Liverpool. 

1806. SFowfer, George. Basibrd Hall, near Nottingham. 



LIST OP MEMBERS. 


37 


Year of 
Election. 

1808. t Fowler, Or, G^. Gunton Hall, Lowestoft, Suffolk. 

1856. J Fowler, Rev. Hugh, M.A. College-gardens, Gloucester. 

1870. *Fowler, Robert Kicholas, M.A., F.ll.G.S. 86 Oavendish-s^iiare, 

London, W. 

Fox, Alfi’ed. Penjerrick, Falmouth. 

1808. tFox, Colonel A. H. Lane, F.G.S., F.S.A. 10 Upper PhiUimore- 
gardens, Kensington, London, S.W. 

1842. *Fox, Charles. Trebah, Falmouth. 

*Fox, Rev. Edward, M.A. The Vicarage, Romford, Essex. 

*Fox, Joseph Hay land. The Cleve, Wellington, Somerset. 

1860. JFox, Joseph John. Church-row, Stoke Newington, London, N. 

Fox, Robeut Were, F.R.S. Falmouth. 

1866. *Francis, G. R. 71 Stoke Newington-road, London, N. 

Francis, William, Ph.l)., F.L.S., F.G.S., F.R.A.S. Red Lion-court, 
Fleet-street, London, E.C. ; and Manor House, Richmond, 
Surrey. 

1846. JFranklani), Edward, D.C.L., Ph.D., F.R.S. , F.C.S., Professor of 

Chemistry in the Royal School of Mines. 14 Lancaster-gate, 
London. W. 

*Frankland, Rev. Marmaduke Charles. Chowbent, near Manchester. 
Franks, Rev. J. 0., M.A. Whittlesea, near Peterborough. 

1859. JFraser, George B. 8 Airlie-place, Dundee. 

Fnvser, James. 25 Westlana-row, Dublin. 

Fraser, James William. 8a Kensington Palace-gardens, London, W. 
1805. *Fraser, John, M.A., M.D. Chapel Ash, Wolverhampton. 

1871. §Farser, Thomas R., M.D., F.R.S.E. 3 Grosvenor-street, F^dinburgh. 

1859. •Frazer, Daniel. 118 Biichanan-street, Glasgow. 

1871. JFrazer, Evan L. R. Bruns wick- terrace, Spring Bank, Hull. 

1860. f Freeborn, Richard Fernandez. 38 Broad-street, Oxford. 

1847. *Freeland, Humphrey William, F.G.S. West-street, Chichester, 

Sussex. 

1871. tFVmnan. 

1865. jFreeman, James. 15 Francis-road, Edgbaston, Birmingham. 

Frere, CJeorge Edward, F.R.S. Hoyden Hall, Diss, Norfolk. 

1869. IFrerk, Sir H. Babtle E., G.C.S.I., K.O.B., F.R.G.S. 22 Prince^ 
gardens, London. 

1869. JFrere, Rev. William Edward. The Rectory, Bilton, near Bristol. 
Pi'ipp^ George^ M,l), 

1867. •Frith, Richard Hastings, C.E., M.R.LA., F.R.G.S.L 48 Summer- 

hill, Dublin. 

1869. JFrodsham, Charles. 26 Upper Bedford-place, Russell- square, Lon- 
don, W.C. 

1847. JFrost, William. Wentworth Lodge, Upper Tulse-hill, London, S.W. 
1860. •Froude, William, C.E., F.R.S. Chelston Cross, Torquay. 

Fry, Francis. Cothani, Bristol. 

Fry, Richard. Gotham Lawn, Bristol. 

Fry, Robert, Tockington, Gloucestershire. 

1803. iFryar, Mark. Eaton Moor Colliery, Newcastle-on-Tyne. 

1872. •Fuller, Rev. A. Ichenor, Chichester. 

1873. §Fuller, Claude S., R.N. 44 Tlolland-road, Kensington, W. 

1859. ^Fuller, Frederick, M.A., Professor of Mathematics in Umversity 
and King’s College, Aberdeen. 

1869. IFullkr, George, C.E., Protessor of Engineering in University Col- 
lege, London. Argyll-road, Kensington, London, W, 

1864. *Furneaux, Rev. Alan. St. German’s Parsonage, Cornwall. 

•Gadesden, Augustus William, F.S.A. Ewell Castle, Surrey. 



28 


LIST OF MEMBEIJS. 


Yenr of 
Election. 

1857. JGages, Alphonse, Museum of Irish Industry, Dublin. 

1803. ’•Gamsford, W. D. Ilandsworth Grange, near Sheffield. 

1850. jGairdner, Professor W. F., M.D. 225 St. Vincent-street, Glasgow. 
1861. fGalbraith, Andrew, Glasgow. 

Galbraith, Kev. J. A., M.R.LA. Trinity College, Dublin. 

1867. fGale, James M. 33 Miller-street, Glasgow. 

1863. jGale, Samuel, F.C.S. 338 Oxford-street, London, W. 

1861. fGalloway, Charles John. Knott Mill Iron Works, Manchester. 

1861. jGalloway, John, jiin. Knott Mill Iron Works, Manchester. 

1860. ♦Galton, Captain Douglas, C.B., R.E., F.R.S., F.L.S., F.G.S., 
F.R.G.S. (General Secretary.) 12 Chester-street,Grosvenor- 
place, London, S.W. 

1860. *Galton, Francis, F.R.S., F.G.S., F.R.G.S. 42 Rutland-gate, 
Knightsbridgo, I^ondon, S.W. 

1869. JG ALTON, John C., M.A., F.L.S. 13 Margaret-street, Cavendish- 

sqiiare, London, W. 

1870. §Gambie, D. St. Helens, Lancashire. 

1870. *Gamble, John G. Albion House, Rottingdean, Brighton. 

1868. JGamgee, Arthur, M.D., F.R.S., F.R.S.F. Owens College, Man- 

chester. 

1862 SGarner, Robert, F.L.S. Stoke-upon-Trent. 

1865. §Gamer, Mrs. Robert. Stoke-upon-Trent. 

1842. GUmett, Jei-emiah. AVan*en-street, Manchester. 

1873. §Gamham, John. 123 Bimhill-row, E.C. 

1870. JGaskell, Holbrook. Woolton Wood, Liverpool. 

1870. •Gaskell, Holbrook, hi n. Mayfield-road, Aigburth, Liverpool. 

1847. *08511011, Samuel. Windham Club, St. James's-square, London, S.W. 
1842. Gaskell, Rev. William, M.A. Plvmoutli-grove, Manchester. 

1846. §Gassiot, John Peter, 1).C.L.,^LL.D., F.R.S., F.C.S. Clapham 

Common, London, S.W. 

1862. *Gatty, Charles Henry, M.A., F.L.S., F.G.S. Felbiidge Park, East 

Grinstead, Sussex. 

1873. §Geach, R. G. Cragg Wood, Rawdon, Yoiksliire. 

1871. fGeddes, John. 9 Melville-crescent, Edinburgh. 

1859. iGeddes, William D., M.A., Professor of Greek, King’s College, Old 
Aberdeen. 

1854. JGee, Robert, M.D. 5 Abercromby-square, Liverpool. 

1867. §Geikie, Archibald, F.R.S., F.Vt.S., Director of the Geological 

Survey of Scotland. Geological Survey Office, Victoria-street, 
Edinbui'gh ; and Ramsay Lodge, Edinburgh. 

1871. §Geikie, James, F.R.S.E. 16 Duncan-terrace, Newington, Edin- 
burgh. 

1855. JGemmell, Andrew. 38 Queen- street, Glasgow, 

1854. §Gerard, Henry. 8a Rumford-place, Liverpool. 

1870. JGerstl, R. University College, London, W.C. 

1870. *Gervi8, Walter S., M.D. A.shburton, Devon. 

1856. *Gething, George Barkley. Springfield, Newport, Monmouthshire. 

1863. *Gibb, Sir George Duncan, Bart., M.D., M.A., LL.D., F.G.S. 

1 Bryanston-street, London, W. ; and Falkland, Fife. 

1865i JGibbins, William. Batteir Works, Digbeth, Birmingham. 

1871. JGibson, Alexander. 19 Albany-street, Edinburgh. 

1868. JGibson, C. M. Bethel-street, Norwich. 

*Gibson, George Stacey. Saffron Walden, Essex. 

1852. JGibson, James. 35 Mount] oy-square, Dublin. 

1870. JGibson, R. E. Sankey Mills, Earlestown, near Newton-le-Willows. 
1870. JGibson, Thomas. 51 Oxford-street, Liverpool. 

1870. JGibson, Thoma<«, jun. 19 Paxkfield-road, Princes Park, Liverpool, 



I.I.ST OF MEMBEES. 


29 


Year ef 
Election. 

1867. JGibson, W. L., M.D. Tay-street, Dundee. 

1842. Gilbert, Joseph Henry, Ph.D., F.R.S., F.C.S. Harpendeu, near 
St. Albans. 

1857. f Gilbert, J. T., M.R.I.A. Blackrock, Dublin. 

1869. * Gilchrist, James, M.D. Crichton House, Dumfries. 

Gilderdale, Rev. John, M.A. Walthamstow, Essex. 

Giles, Rev. William. Netherleigh House, near Chester. 

1871. *Gill, David, jun. The Observatory, Aberdeen. 

1868. JGill, Joseph. Palermo, Sicily (care of W. 11. Gill, Esq., General 

Post Office, St. Martin’s-le-Grand, E.C.). 

1864. JGill, Thomas. 4 Sydney-place, Bath. 

1861. *Gilroy, George. Hindley Ilall, Wigan. 

1867. t Gilroy, Robert. Craigie, by Dundee. 

1867. §Ginsburg, Rev. C. D., D.C.L., LL.D. Bintield, Bracknell, Berk^ire. 

1869. jGirdlestone, Rev. Canon E., M.A. Halberton Vicarage, Tiverton. 
1850. ^Gladstone, George, F.C.S.,F.R.G.S. 31 Ventnor- villas, Clifton ville, 

Brighton. 

1849. ^Gladstone, John Hall, Ph.D., F.R.S., F.C.S. 17 Pembridge- 
squni’e, Hyde Park, London, W. 

1861. ^Gladstone, Murray. Manchester. 

1861. ’^Glaisheu, James, F.R.S., F.R.A.S. 1 Dartmouth -place. Black- 
heath, liondon, S.E. 

1871. *Glaisiier, J. W. L., B.A., F.R.A.S. Trinity College, Cambridge. 
1853, JGleadon, Thomas Ward. Moira-buildings, Hull. 

1870. §Glen, David Corse. 14 Annfield-place, Glasgow. 

1859. jGlennie, J. S. Stuart. 6 Stone-buildings, Lincoln’s Inn, London, W.C. 
1867. jGloag, John A. L. 10 Inverleith-place, Edinburgh. 

Glover, George. Ranelagh-road, Pimlico, London, S.W. 

Glover, Thomas. Becley Old Hall, Rowsley, Bakewell. 

1870. ^Glynn, Thomas R. 1 Rodnev-street, IJverpool. 

1872. §Goi>daiii), Riciiaut). 29 Marlboro ugh-road, Manningham-lane, 

Bradford. 

1852. ^Godwin, John. Wood House, Rostrevor, Belfast. 

1840. JGodwin-Aurten, Robert A. C., B.A., F.R.S., F.G.S. Chilworth 
Manor, Guildford. 

Goldsmid, Sir Francis Henry, Bart., M.P. St. John’s Lodge, 
Regent’s Park, London, N.W. 

1873. §Goldthorp, Miss R. F. C. Cleckheaton, Bradford. 

1852. JGoodbody, Jonathan. Clare, King’s County, Ireland. 

1870. jGoodison, George William, C.E. Gateacre, Liverpool. 

1842. *Gooi>man, John, M.D. 8 Leicester-street, Southport. 

1865. JGoodman, J. D. Minories, Birmingham. 

18()9. JGoodman, Neville. Peterhouse, Cambridge. 

1870. *Goodwin, Rev. Henry Albert, M.A., F.R.A.S. WesthaU Vicarage, 

Wangford. 

1871. §Gordon, Joseph. Poynter’s-row, Totteridge, Whetstone, London, N, 
1840. JGordon, Lewis D. B." Totteridge, AVhetsfone, N. 

1857. ^Gordon, Samuel, M.D. 11 Hume-strcet, Dublin. 

1865, jGore, George, F.R.S. 50 Islington-row, Edghaston, Birmingham. 
1870. jGossage, William. Winwood, Woolton, Liverpool. 

*Gotch, Thomas Henry, Kettering. 

1873. §Gott, Charles, M.I.C.E. Parkfield-road, Maimingham, Bradford. 
1849. JGough, The Hon. Frederick. Perry Hall, Birmingham. 

1857. JGough, George S., Viscount, Ratnronan House, Clonmel. 

1808. §Gould, Rev. George. IJnthank-road, Norwich. 

Gould, J ohn, F.R.S., F.L.S., F.R.G.S., F.Z.S. 26 Charlotte-street, 
Bedford-square, London, W.C. 



30 


LIST OF MEMI3E11S. 


Yeu of 
Eleotiozi. 

1854. tGourlay^ Daniel De lA C., M,Di ^ . 

1878; SQourlay, J. McMillan. 21 St. Andrew’s-placd) Bfadfomt 
1867. JGourlej, Henry (Engineer). Dundee. 

Gowland, James. London-wall, London, E.O# 

1873. §Goyder, Dr. D. Manrille-crescent, Bradford. 

1801. jGrafton, Frederick W. Park-road, Whalley Kange, Manchester. 
1867, *Gbaham, Cyril, F.L.S., F.R.G.S. 9 Clevelaiid-row* St. James’s, 
London, S.W. 

Graham, Lieutenant David. Mecklewood, Stirlingshire. 

1852. ^Grainger, Rev. John, D.D. Skerry and Rathcavan Rectory, Brough- 
shane, near Ballymena, Co. Antrim. 

1871. JGbant, Sir Alexander, Bart., M. A., Principal of the University of 

Edinburgh. 21 Lansdowne-crescent, Edinburgh. 

1870. §Gbant, Colonel J. A., C.B., C.S.I., F.R.S., F.L.S., F.R.G.S* 7 Park- 
square West, London, T\\W. 

1859. {Grant, Hon. James. Climy Cottage, Forres. 

1855. *Gbant, Robert, M. A., LL.D., F.R.S., F.R.A.S., Regius Profes.sor of 

Astronomy in the University of Glasgow. Tne Observatory, 
Glasgow. 

1854. {Gbanth.\m, Ricuard B.,C.E.,F.G.S. 22 Whitehall-place, London, 

S.W. 

1864. {Grantham, Richard F. 22 Whitehall-place, London, B.W. 

^Graves, Rev. Richard Hastings, D.D. Brigown Glebe House, Michels- 
town, Co. Cork, 

1864. *Gray, Rev. Charles. The Vicarage, East Retford. 

1805. {Gray, Charles. Swan-bnnk, Bilston. 

1870. {Gray, C. B. 5 Rumford-place, Liverpool. 

1857. {Gray, Sir John, M.D. Rathgar, Dublin. 

*Gray, John Edward, Ph.D., F.R.S., Key>er of the Zoological Col- 
lections of the British Museum. &itish Museum, London, 
W.C. 

1864. {Gray, Jonathan, Sunimerhill House, Bath. 

1859. {Gray, Rev. J. H. Bolsover Castle, Derbyshire. 

1870. §Gray, J. Macfarlane. 10 York-grove, Qiieen’s-road, Peckham, Lon- 
don, S.E. 

*Gray, William, F.G.S. Gray’s-court, Minster Yard, York. 

1873. §Gray, William, Hon. Sec. Belfast Naturalists' Field Club. Belfast. 

1861. •Gray, Lieut. -Colonel William. 26 Prince's-gardens, London, S.W. 
1854. *Grazebrook, Henry. Clent Grove, near Stourbridge, Worcestershire. 
1866. SGreaves, Charles Augiistus, M.B., LL.B. 32 Friar-gate, Derby. 
1873. §Greavee, James H., C.E. Albert-buildings, Queen Victoria-street, 

London, E.C. 

1869. § Greaves f William, 

1872. IGreaves, William. 2 Raymond-biiildings, Gray’s Inn, London, W.C. 
1872. •Grece, Clair J. Redhill, Surrey. 

Green, Rev. Henry, M.A. Heathdeld, Knutsford, Cheshire. 
^Greenaway, Edward. 01 Lansdowne-road, Netting Hill, London, W. 

1858. *Greenhalgh, Thomas. Sharpies, near Bolton-le-Moors. 

1863. {Greenwell, G. E. Poynton, Cheshire. 

1862. * Greenwood, Henry. 32 Castle-street, and The Woodlands, Liverpo^t 
1849. {Greenwood, William. Stones, Todmorden. 

1801. *Grrg, Robert Philips, F.G.S., F.R.A.S. Coles Park, Bunting<i 
ford, Herts. 

1833. Gregg, T. H. 22 Ironmonger-lane, Cheapside, London, E.C* 

1860. {Gregor, Rev. W’^ alter, M.A. Pitsligo, Rosehearty, Aberdeeh* 

shire. 

1808. {Gregory, Charles Hutton, C.Ei 1 Delahay^streetj WesiitLnster, S.W, 



LIST OF MEMBEK8. 


31 


Year of 
Election. 

1861. tGregeon, Samuel Leigh. Aigburth-road, Liyeipo«L 

*GreBwell, Rev. Richard, B.D., F.R.S,, F.R.G.8. 89 St. Giles’s-stirefil^ 
Oxford. 

1869. JGbky, Sir Geobgb, F.R.G.S. Belgrave -mansions, Grosvenor- 

gardens, London, S*W» 

1866. JGrey, Rev. William Hewett C. North Sherwood, Nottingham. 

1803. fGrey, W. S. Norton, Stockton-on-Tees. 

1871. ^Grierson, Samuel. Medical Superintendent of the District Asylum, 

Melrose, N.B. 

1859. JGbiebson, Thoi^ias Boyle, M*D. Thornhill, Dumfriesshire. 

1870. JGrieve, John, M.D. 21 Lynedock-street, Glasgow. 

^Griffin, John Jos^h, F.C.S. 22 Garrick-street, London, W.C. 

Griffith, Rev. C. T., D.D. Elm, near Frome, Somerset. 

1859. ^Griffith, George, M.A., F.C.S. (Assistant General Secre- 
tary.) Harrow. 

Griffith, George R. Fitz william -place, Dublin. 

1808. IGriffith, Rev. John, M.A., D.C.L. Findon Rectory, Worthing, 
Sussex. 

1870. JGriffith, N. R. The Coppa, Mold, North Wales. 

1870. ^Griffith, Rev. Professor. Bowden, Cheshire. 

♦Griffith, Sir Richard John, Bart., LL.D., F.R.S.E., M.R.I.A., 
F.G.S. 2 Fitzwilliam-place, Dublin. 

1847. J Griffith, Thomas. Bradford-street, Birmingham. 

Griffiths, Rev. John, M.A. Wadham College, Oxford. 

1870. JGrimsdale, T. F., M.D. 29 Rodney-street, Liverpool. 

1842. Grimshaw, Samuel, M.A. Errw’od, Buxton. 

1804. ^Groom-Napier, Charles Ottley, F.G.S, 20 Maryland-road^ 

llarrow-road, London, N.W. 

1869. §Grote, Arthur, F.L.S., F.G.S. The Athenaeum Club, Pall Mall, Lon- 
don, S.W. 

Grove, The Hon, Sir William Robert, M.A., Ph.D., F.R.S, 
1 15 Harley-street, W. 

1863. ♦Groves, Thomas B., F.C.S. 80 St. Mary’s-street, Weymouth. 
1869. J Grubb, Howard, F.R.A.S, 40 Lemster-square, Rathmines, 
Dublin. 

1857. IGritbb, Thomas, F.R.S., JM.R.I.A. 141 Leinster-road, Dublin. 

1872. tGriineisen, Chaiies Lewis, F.R.G.S. 16 Surrey-street, Strand, Lon-i 

don, W.C. 

Guest, Edwin, LL.D., M.A., E.R.S., F.L.S., F.R,A.S., Master of 
Caius College, Cambridge. Cains Lodge, Cambridge ; and Sand- 
ford Park, Oxfordshire. 

1867. jGuild, John. Bnyheld, West Ferry, Dundee. 

Guinness, Henr}*. 17 College-green, Dublin. 

1842. Guinness, Richard Seymour. 17 College -green, Dublin. 

1856. ♦Guise, Sir William’VeRnon, Bart., F.G.S., F.L.S. Elmore Court) 
near Gloucester* 

1862. jGimn, Rev. John, M.A., F.G.S. Irstedd Rectory, Norwich. 

1866. JGunther, Albert C. L. G., M.D., F.R.S. British Museum, London^ 
W.C. 

1868. *Guniey, John. Sprouston Hall, Norwich. 

1800. ♦Gurney, Samuel, F.L.S., F.R.G.S. 20 Hanover-terrace, RegenVi 
Park, London, N.W. 

♦Gutch, John James. Blake-street, York. 

1859. JGuthrik, Frederick, F.R.S* Professor of Physics in the Royal 
School of Mines. 24 Stanley-crescent, Netting Hill) Londofi) 

1804. §Guyon, George* South Cliff Cottage, Ventnor, Isle of Wight* 



m 


LIST OF MEMBERS. 


Year of 
Election. 

1870, XGuytmif Joseph, 

1857. JG Wynne; Bev. John, Tullyagnish, Letterkenny, StrabanO; Ireland. 

Hackett; Michael. Brooklawn, Chapelizod, Dublin. 

1865. § Hackney, William. Walter’s-road, Swansea. 

1866. •Hadden, Frederick J. S Park-terrace, Nottingham. 

1866. JHaddon, Henrj". Lenton Field, Nottingham. 

Haden, G. N. Trowbridge, Wiltshire. 

1865. t JTcw/en, W. H. 

1842. Hadtield, George. Victoria-park, Manchester. 

1870. Jlladivan, Isaac. 8 Huskisson-street, Liverpool. 

1848. Jlladland, William Jenkins. Banbury, Oxfordshire. 

1870, JHaigh, George. Waterloo, Liverpool. 

•Hailstone, Edward, F.S.A. Walton Hall, Wakefield, Yorkshire. 

1869. JHake, B. C. Grasmere Lodge, Addison-road, Kensington, London, W. 

1870. jHalhead, W. B. 7 Pa rkh eld-road, Livernool. 

Halifax, The Bight Hon. Viscount. 10 Be Igrave -square, London, 
S.W. ; and liickleston Hall, Doncaster. 

1872. |HalI, Dr. Alfred. 80 Old Steine, Brighton. 

1854. *Hall, Hl'GH Ff.rgip:, F.G.8. (Treenhoys, Wallasey, Birkenhead. 

1859. jHall, John Frederic. Ellerker House, Bichmond, Sun*ey. 

Hall, John Bobert. Sutton, 8un*ey. 

1872. •Hall, Captain Marshall. New Univer.sitv Club, St. James's, London, 

S.W 

•Hall, Thomas B. Australia (care of J. P. Hall, JNq., Crane House, 
Great A^arinouth). 

1806. •Hall, Townsiiknh M., F.G.S. Pilton, Barnstaple. 

1860. §Hall, Walter. 10 Pier-road, Frith. 

1873. §HaUett, T. G. P., M.A. Bristol. 

1868. •Hallktt, William IIknuv, F.L.S. The Manor House, Kemp Town, 

Brighton. 

1861. JHalliday, James. Whalley Cottage, 'Wnialley Bange, Manchester. 

1857. jHalpin, George, C.E. Bathgar, near Dublin. 

Halsall, Edward. 4 Somerset-street, Kingsdown, Bristol. 

1858. *Hambly, Charles Ilambly Burbridge, F.G.S. Barrow- on-8oar, near 

Loughborough. 

1866. §Hamilton, Archibald, F.G.S. South Barrow, Bromley, Kent. 
1^7. ^Hamilton, Charles W. 40 Dominick-.stroet, Dublin. 

1865, §Hamilton, Gilbert. Leicester House, Kenilworth-road, Leamington. 
Hamilton, The Very Bev. Henry Parr, Dean of Salisbury, M.A., 
F.R.S. L. & E., F.G.S. , F.R.A.S. Salisbury. 

1869. JHarailton, John, F.G.S. Fyne Court, Bridgewater. 

1869. §Hamilton, Roland. Oriental Club, Ilanover-square, London, W. 
1851. jHammond, C. C. Lower Brook-street, Ipswich. 

1871. §Hanbury, Daniel. Clapham Common, London, S.W. 

1863. JHancock, Albany, F.L.S. 4 St. Mary’s-terrace, Newcastle-upon- 
Tyne. 

1863. t Hancock, John. 4 St. Mary’s-terrace, Ne%vca8tle-on-Tyne. 

1850. Jllancock, John. Manor House, Lurgan, Co. Armagh. 

1861. jHancock, Walker. 10 Upper Chad well-street, Pentonville, N, 

1857. jHancock, William J. 74 Lower Gardiner-street, Dublin. 

1847. JHancock, W. Nelson, LL.D. 74 Lower Gardiner-street, Dublin. 
1865. JHands, M. Coventry. 

Handyside, P. D., M.D., F.R.S.E. 11 Hope-street, Edinburgh. 

1867. JHannah, liev. John, D.C.L. The Vicarage, Brighton. 

1859. JHannay, John. Montcotfer House, Aberdeen. 

1853, JHanseu, Thomas T, 2 Charlotte-street, Sculcoatcs, Hull. 



LIST OF MEMBERS. 


33 


Year of 
Blection. 

♦IIarcourt, a. G. Vernon, M.A., F.R.S., F.C.S. 3 Norliam- 
gardens, Oxford. 

Ilarcourt, Rev. C. G. Vernon, M.A. Rotlibiiry, Northumberland. 
Harcourt, EgertonV.Venion,M.A.,F.G.S. Whitwell Hall, Yorkshire. 
1805. J Harding, Charles. Harborne Heath, Birmingham. 

1809. j Harding, Joseph. Hill’s Court, Exeter, 

1809. i Harding, William I). Islington Lodge, Kings Lynn, Norfolk, 

1872. §Ilardwicke, Mrs. 192 Piccadilly, London, W. 

1804. §Hardwicke, Robert, F.L.S. 192 Piccadilly, London, W. 

*Hare, Charles John, M.l)., Professor of Clinical Medicine in Uni- 
versity College, London. 57 Brook-street, Grosvenor-sq[uare, 
London, W. 

Harford, Summers. Haverfordwest. 

1858. Jllargi-ave, James. Burley, near Leeds. 

1853. §Harkness, Robert, F.R.S. L. & E., F.G.S., Professor of Geology 
in Quetm’s College, C’ork. 

1871, §TIarkness, William. Laboratory, Somerset House, London, W.C. 
18G2. *Harley, George, M.D., F.R.S., F.C.S. , Professor of Medical Jitris- 

? rudence in Uniiersitj" College, London. 25 Harley -street, 
..ondoii, W. 

*Harlev, John. Ross Hall, near Slirewsbury. 

1802. MIarle v,Rev. Robert, F.R.S.,F.R. AS. Millllill School, Middlesex; 

and The Hawthorns, Church End, Finchley, N. 

1801. Jllannan, H. W., C.E. 10 Booth-street, Manchester. 

1808. *Harmer, F. W., F.G.S. Heigham Grove, Norwich. 

1872. §Harpley, Rev. William, M. A., F.C.P.S. Clayhange Rectory, Tiverton. 
•Harris, Alfred. Oxton Hull, Tadcaster, 

•Harris, Alfred, jun. JiUneli(dd, Kirkby-T^onsdale, Westmoreland. 
1871. JHarris, George, F.S.A. Iselipps Manor, Northolt, Southall, Mid- 
dlesex. 

*Hanns, Ileiirv. I^ongwood, near Biiigley, via Leeds, 

1803. 1 Harris, T. W. Grange, Middlesborough-on-Tees. 

1873. Sllarris, W. W. Oak-villas, Bradford. 

1800. tHarrison, Rev. Francis, M.A. Oriel College, Oxford. 

1804, § Harrison, George. Barnsley, Yorkshire. 

1873. § Harrison, George, Pli.l)., F.L.S. , F.C.S. Glo.ssop-roa(I, Sheffield. 
1858. •Harrison, James Park, M.A. Cintra Park Villa, Upper Norwood, 

S.E. 

1870. |IIarrison, Reginalb. 51 Rodney-street, Liverpool. 

1853. ^:Hamson, Robert. 3(> Gcorgo-street, Hull. 

1803. jHarrison, T. E. Engineers’ Office, Central Station, Ne\vcastle-on- 
Tyne. 

1853. *IIarrisou, William, F.S. A., F.G.S. Samlesbury Hall, near Preston, 
Lancasliire. 

1849. JHarrowby, The Earl of, K.G., H.C.L., F.R.S., F.R.G.S. 39 Grosve - 
nor-square, London, S.W. ; and Sandon Hall, Lichfield, 

1859. •Ilai’t, Charles. Harbourno Hall, Ihrminghain. 

1801. ^Harter, J. Collier. Chapel Walks, Mancliester. 

1842. *Harter, William. Hope Hall, Manchester. 

1850. Jllai-tland, F. Dixon, F.S.A., F.R.G.S. The Oaklands, neai* Chel- 
tenham. 

Hartley, James. Sunderland. 

1871. ^Hartley, Walter Notd. King’s College, London, W.C. 

1854. §II ARTN UP, John, F.R.A.S, Liverpool Observatory, Bidston, Birken- 
head. 

1850. Jllarvey, Alexander. 4 South Wellington-place, Glasgow, 

1870. jHarvey, Enoch, Riversdale-road, Aigburtli, Liverpool, 

B 



84 


LIST OF MEMBERS. 


Tear of 
Election. 

^Ilaryey, Joseph Charles. Knockrea House, Cork. 

Ilaryey, J. IC, M.D. St. Patrick ’s-place, Cork. 

1802. * Harwood, John, jiin. Woodside Mills, Bolton-le-moors. 

Ifastiiips, Kev. 11. S. Martlo}^ Koctoiy, Worcester. 

1807. ^Hastings, W. Huddersfield. 

1842. ^Hatton, James. Kichmond House, Higher Broughton, Manchester, 
1857. lIlArcJiiTOx, Bev. S\mi kl, M.H., M.A., F.B.S., F.G.S., 

Professor of Geologt’ in the University of Dublin. Trinity Col- 
lege, Dublin, 

*Haughton, AVilliani. 28 City Quay, Dublin. 

Hawkins, .Tohn Iletws^ood, M‘.A., F.B.S., F.G.S. Bignor Park, Pet- 
worth, Sussex. 

1872. *Hawkshaw, Henry Paul, 20 King-street, St. James's, London, W. 
*HawivSiiaw, Sir" John, F.B.S., F.G.S. Hollyrombe, Liphook, 

Petersfiold ; and 00 Great George-street, London, S.W. 

1804. ♦Hawkshaw, John Clarke, M.A., F.G.S. 25 Cornwall -gardens, 
, South Kensington, S.W. j and 33 Great George-street, London, 

S.W. 

3808. §IIawkslf.y, Thomas, C.E., F.G.S. 80 Great George-street, London, 
S.AV. 

18(>1. ^Hawthorn, William. The Cottage, Benwell, Newcastle-upon-Tyne. 

1850. fllay, Sir Andrew Leith, Bart. Pannes, Aberdeenshire. 

1801. *11ay, ^'ice-A(lmiral the Bight Hon. Sir .Toiix C. D., Bart., C.B., 
M.P., F.B.S. 108 St. Goorg-<*\s-square, London, vS.W. 

1858. Jllay, Samuel. Albion-place, Leeds. 

]8()7. JHaV, William. 21 Magdalen-yard-road, Dundee. 

1857. filayderi, Thomas, M.D. 30 Ilarcoiirt-street, Dublin. 

1873. *Hayos, Bey. Wm. A., B.A. Bramhy, Leeds. 

1800, Jllaward, J. High-street, Exeter. 

1858. *I1a\waud, Bobkut Baldwin, M. A. Tlu‘ Park,HaiTOW-on-the-hill, 

1851. §IIead, .Teremiah. Middlesbrough, Yorkshire. 

1800. JHead, B. T. The Briars, Alphinglon, Exeter. 

1869. JHead, W. B. Bedford-circus, Exeter. 

18(>1. *Heald, .Tames. Parr's Wood, Didsbuiy, near ^Manchester. 

1863. 1 Heald, Joseph. 22 Leazes-terrace, Newcastle-on-Tvne. 

1872. §Healey, C. E. IL Chadwyck. 8 Albert-mansions, Victoria-street, 
London, S.W. 

1871. §Healpy, (George. Matson’s, Windermere. 

1861. •Heape, Benjamin. Northwood, Prestwich, near Manchester. 

1805. Jllearder, M illiam. Victoria Parade, Torquay. 

1866. J Heath, Bev. I). J. Esher, Surrey. 

1863. JHeath, G. Y., M.D. Westgate-street, Newcastle-on-T^’ne. 

1861. §Heathfield, W. E., F.C.S., F.R.G.S., F.B.S.E. 20 King-street, St. 

James’s, London, S.W. 

1805. jHeaton, Harry. Warstone, Birmingham. 

1858. •Heaton, John Deakin, M.D., F.B.C.P. Claremont, Leeds. 

1805. JHeaton, llalpli. Harbome Lodge, near Birmingham. 

1833, JHeaviside, Key. Canon J. W. L., M.A. The Close, Norwich. 

1855. JHector, James, M.D., F.K.S., F.G.S., F.R.G.S., Geological Survey 
of New Zealand. Wellington, New Zealand. 

1867. JHeddle, M. Foster, M.D., Professor of Chemistry in the University 

of St. Andrew’s, N.B. 

1869. Jlledpland, Rev. W. J, 21 Mount Radford, Exeter. 

1863. jlledley, Thomas. Cox Lodge, near Newcastle-on-Tjmo. 

1862. XHelmj George F. 

1857. Hlemans, George William, C.E., M.R.LA., F.G.S. 1 W^estminster- 
chambers, Victoria-street, London, S.W. 
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1867. JHenderson, Alexander. Dundee. 

1845. jllenderson, Andrew. 120 Gloucester-place^ Portman-sqiiare, London, 
1873, •Henderson, A. L. 49 King William-street, E.C, 

1800. JHendebson, James, jun. Dundee. 

1873. *IIenderson, W. D. 12 Victoria-street, Belfast. 

1850. IIIennessy, Henry G., F.Il.S., M.li.I.A. 80 St. Stcplien’s-grecn, 
Dublin. 

1857. Jllennessy, John Pope. Inner Temple, London, E.C. 

1873. §IIenrici, Olaiis M. F. E., Pli.D., Professor of Mathematics in Uni- 
versity College, London. 

Henry, Franklin. Portland-street, Manchester. 

Henry, J. Snowdon. East Dene, Bonchurch, Isle of Wi ght. 

Henry, Mitchell, ^l.P. Straiheden House, Hyde Park, Jxiiidon, W, 
•Henry, William Charles, M.T)., F.ll.S., F.G.8., F.P.G.S. Haf- 
field, near Ledbury, Herefordshire. 

1870. Jllenty, William. Norfolk-terraee, Brighton. 

Henwood, William Jory, F.ll.S., F.G.S. 3 Clarence-place, Pen- 
zance. 

1855. *nepbm*n, J. Gotch, LL.B., F.C.S. Sidcup-place, Sidcup, Kent. 

1855. Hlepbum, Robert. 9 Portland-jilace, London, W. 

Hepburn, Thomas. Clapham, London, S.W. 

1871. lllepbura, Thomas TI. St. Mary s Cray, Kent. 

Hepworth, John Mason. Ack worth, Vorkshire. 

1856. Jll^pworth, Rev. Robert. 2 St. James's-square, Cheltenham. 
•Herbert, Thomas. The Park, Nottingham. 

1852. IHerdman, John. 9 Wellington-place, Belfast. 

1806. §Herrick, Peny. Bean Manor Pork, Loughborough. 

1871. *Herschel, Professor Alexander S., B.A., F.R.A.S. College of 
Science, N ewcastle-on-Tjme. 

1805. Birmingham. 

1803. d<->seph. Pilgrim-street, 'Newcastle-oii-Tyne. 

1873. §Heugh, John. Holmwood, Tunbridge Wells. 

1832. Jllewitson, William C. Oatlands, SuiTey. 

Iley, Rev. William, M.A., F.C.P.S. Clifton, York. 

1800. •Heymann, Albert. West Bridgford, Nottinghamshire, 

1806. JHeymann, L. West Bridgford, Nottinghamshire. 

1801. •Hey wood, Arthur Henry. Ellerav, Windermere. 

♦IIeywood, James, F.R.S., F.G.S.; F.S. A., F.R.G.S. 20 Kensington 
Palace-gardens, London, W. 

1861 •Heywood, Oliver. Claremont, Manchester. 

IIeywood, Thomas Percival. Claremont, Manchester. 

1804. *Hiern, W. P., M.A. 1 Foxt on- villas, Richmond, Surrey. 

1854. I^divard. 

1801. *Higgin, James. Lane aster-avenue. Fennel-street, Manchester. 

Higginbotham, Samuel. 4 Springtield-coiirt, Queen-street, Glasgow. 
1866. JHigginbottom, John. Nottingliam. 

1871. JHiggins, Clement, B.A., F.C.S. 27 St. John^s-park, Upper Hollo- 
way, London, N. 

1861. Xllif/ffinSy George. 

1854. JlIiGQiNS, Rev. Henry H., M.A. The Asylum, Rainhili, Liverpool* 
1861. •Higgins, James. Stocks House, Cheetham, Manchester. 

1870. JHigginson, Alfred. 44 Upper Parliament-street, Liverpool. 

1870. JHighton, Rev. H. 2 The Cedars, Putney, S.W, 

1842. •Iligson, Peter, F.G.S., II.M. Inspector of Mines. The Frooklandfl^ 
Swinton, near Manchester. 

Hildyard, Rev. James, B.D., F.C.P.S, Ingolclshy, near Grantham, 
Lincolnshire, 
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Hill, Ai-thur. Bfiiao Cattle, Tottonliam, London, N. 

1872. §Hill, Charles. Ilockhurst, West Iloathley, East Gi-iiistead. 

*Hill, Kev. Edward, M.A., F.G.S. Bheerin" Rectory, Harlow. 

1857. §Hill, John, M.Inst.C.E., M.R.LA., F.R.G.S.L County Surveyor’s 

OlHce, Ennis, Ireland. 

1871. §Ilill, Lawrence. The Knowe, Greenock. 

•Hill, Sir Rowland, K.C.B., D.C.L., F.R.S., F.R, A.S. Hampstead, 
London, N.W. 

1864. jHill, William. Combe Hay, Bristol. 

1866 iHills, F. C. Chemical Works, Deptford, Kent, S.E. 

1871. §Hills, Graham H., Stati-Comniander R.N. 4 Bentley-road, Princes 
Park, Liverpool. 

1871. *Hills, Thomas Hyde. 668 Oxford-street, London, W. 

1858. JHincks, Rev. Thom vs, B.A., F.R.S. Mountside, Leeds. 

1870. JHinde, G. J. Buenos Avres. 

Hindley, Rev. H. J. Edlinjrton, Lincolnshire. 

1852. •Hindmaush, Fuederick, F.G.S., F.R.G.S. 4 New Inn, Strand, 
London, W.C. 

•Hindmarsh, Luke. Alnhank House, Alnwick. 

1865. I Hinds, James, M.D. Queen’s College, Birmingham. 

1863. JHinds, William, M.D. Parade, Birmingham. 

1801. *Hiumer 3 , William. Cleveland House, Birkdale, Southport. 

1858. §Hirst, John, jiiu. Dobcross, near Manchester. 

1861. *IIiRST, T. Arciieu, Ph.D., F.K.S., F.R.A.S. Royal Naval College, 
Greenwich, S.E . ; and Athenaeum Club, Pall Mall, London, 
S.W. 

1856. JHitch, Samuel, !M.l). Sandvwell Park, Gloucestershire. 

1870. jHitchman, William, M.D., LL.D., F.L.S., &c. 20 Erskine-street, 

Liverpool. 

•Iloare, Rev. George Tooker. Godstone Rectory, Redhill. 

Iloare, J. Gurney. Hampstead, Jjondon, N.W. 

1864. JHobhouse, Arthur Fane. 24 Cadogan -place, London, S.W. 

1864. jHobhouse, Charles Parry. 24 (’adogan-place, London, S.W. 

1864. JHobhouse, Henry M’illiam. 24 Cadogan-place, London, S.W. 

1866. §IIobson, A. S., F.C.S. 6 Upper Ileathfielcl- terrace, Tumham Green, 

London, W. 

1860. JIIocKiN, Chart.es, M.D. 8 Avenue-road, St. John’s Wood, Lon- 
don, N.W. 

1852. JHodges, John F., M.D., Professor of Agriculture in Queen’s College, 
jlelfast. 26 Queen-street, Belfast. 

1866. *Hodgkix, Thomas. Benwell Dene, Newca.stle-on-T}Tie. 

1876. •Hodgson, George. Thom ton-road, Bradford. 

1876. §IIodgson, James. Oakfield, Manningham, Bradford. 

1866. J Hodgson, Robert. Whithum, Sunderland. 

1863. Jflodgson, R. W. North Dene, Gateshead. 

1830, jHodgson, W. B., LL.D., F.R.A.S. 41 Grove-end-road, St. John^ff 
Wood, London, N.W. 

1805. •Hofmann, Arorsfus William, LL.D, Ph.D., F.R.S., F.C.S. 10 
Dorotheen Strasse, Berlin. 

1800. JHogan, Rev. A. R., M.A, Watlinglon Vicarage, Oxfordshire. 

1854. •Holcrf»ft, George. Byron’s-court, St. Maiy’s-gate, Manchester. 

1876. •Holden, Isaac. Oakworth House, near Keighley, Yorkshire. 

1856. JHolland, Henry. Dumbleton, Evesham. 

1868. §HolIand, Loton, F.R.G.S, The Gables, Osbomc-road, Windsor. 

•Holland, Philip 11. Burial Acts Office, 13 Great George-street. 
WcBtniinfiter^ k W. 

1305. fllolUduy, Ncw-strcd, Bimmgbam, 
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^Hollingsworth, John, M.R.C.S. Maidenstone House, Maidenstone- 
hill, Greenwich, S.E. 

1866. *Holme8, Charles. London-road, Derby. 

1873. SHolmes, J. R. Southbrook Lodge, Bradford. 

1870. JHolty William D. 23 Edge-lane, Livei’pool. 

*Hone, Nathaniel, M.R.I.A. Bank of Ireland, Dublin. 

1858. :1Hook, The Very Rev. W. F., D.D., Dean of C^iichester. Chichester. 
1847. tllooKKR, JosKPii Dalton, C.B., M.D., D.C.L., I.L.D., F.R.S., 
V.P.L.S., F.G.S., F.R.G.S. Royal Gardens, Kcw. 

1865. *IIooper, .John P. The Hut, Mitcham Common, Surrey. 

1861. §Hooper, William. 7 Pall Mall East, London, S. W. 

1856. JHooton, Jonathan. 80 Great Ducic-street, Manchester. 

1842. Hope, Thomas Arthur. Stanton, Bebington, Cheshire. 

1869. §noPE, William, Y.C. Parsloes, Barking, Essex. 

1865. Illopkins, J. S. Jesmond Grove, Edgbaston, Birminghain. 

1870. *Hopkinson, .Tohn. Woodlea, Beech-lanes, Binninghain. 

1871. §Hopkinson, John, F.G.S., F.R.M.S. 8 Lawn-road, Ilaverstcck-hill, 

Ijondon, N.W. 

1858. tllopkinson, Joseph, jun. Britannia Works, Huddersfield. 

Hornby, Hugh. Sandown, Liverpool. 

1864. *Honier, Rev, J. J. H. Mills Rectoiy, Frome, 

1858. ^Horsfall, Abraham. Manor House, Whitkirks, near Leeds. 

1854. jHorsfall, 'lliomas Berry. Bellamoiir l^ark, Rugeley. 

1856. Jllorsley, ,Tohu 11. 389 High-street, Cheltenham. 

Ilotham, Rev. Charles, M.A., F.L.S. Roos, Patrington, Yorkshire. 
1868. Jllotson, W. C. Upper King-street, Norwich. 

1850. \IIov(fh^ Joseph. 

Houghton, The Right Hon. Loid, M.A., D.CbL., F.R.S., F.R.G.S. 

16 Upper Brook-street, London, 

Houghton, James. 41 Rodney-street, Liverpool. 

1858. JHounsfield, James. Hemsworth, Pontefract. 

Ilovenden, W. F., M.A. Bath. 

1859. iflloward, Captain .John Henry, R.N. The Deanery, Lichfield. 

1863. JHoward, Philip Henry. C'orby Castle, Carlisle. 

1857. JHowell, Henry II., F.G.S. Museum of IVactical Geology, Jermyn- 

street, London, S.AV. 

1868. fllowKLL, Rev. Canon Hinds Drayton Rectory, near Norwich. 

1865. *IIowlett, Rev. Frederick, F.R.A.S. East Tisted Rectory, Alton, 

Hants. 

1863. JIIowoiiTii, II. H. Derby House, Eccles, Manc hester. 

1854. :fHowson, Very Rev. J. S., Dean of Che.^^ten*. Chester. 

1870. jllubback, Joseph. 1 Briinswick-street, Liveipool. 

18^35. *IIuDSON, IIknhy, M. I)., M.R.I.A. Glemille, Fermoy, Co. Cork. 
1842. §IIudson, Robert, F.R.S., F.G.S., F.L.S. Claphain Common, London, 
S.^-V. 

1867. Jlludson, William H. 11. , ^[.A. 19 Bennc tt’s-hill, Dcu lois ConmionF, 

London, E.C. ; and St. John’s College, Camhiidgo. 

1858. ♦Huggins, William, 1).(\L., Oxen. LL.D. Camb., E.R.S., E.R.A.Sb 

tapper Tulscrhill, Brixton, London, S.W. 

1857. JHuggon, WTlliam. 30 l^ark-row, I.eeds. 

JIvf/hc8j D. Ahraham. 

1871. •Hughes, George Pringle, J. P. Middleton Hr.ll, Wcoler, Northum- 

berland. 

1870. Jllughes, Lewis. 38 St. Doming o-grovc, Liverpool. 

1868. §Hughe8, T. M‘K., M.A. , F.G.S. Woodwaidian Professor of Geology 

in the I^nivcrsity of Cambridge. 

1863. JHughes, T. W. 4 llawthorn-teri*ace, Newcastle-on-Tyne. 
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1865, JHughes, W. R., F.L.S., Treasurer of the Borough of Birmingham. 
Hull, Arthur II. 18 Norfolk-road, Brighton. 

1867, §Hull, Edward, M.A., F.R.S., F.G.S. Director of the Geolo|ncal 

Survey of Ireland, and Professor of Geology in the Royal College 
of Science. 14 Hume-street, Dublin. 

•Hull, William Darley. Stenton Lodge, Tunbridge Wells. 

*IIulse, Sir Edward, llart., D.C.L. 47 Portland«place, London, W. ; 
and Breamore House, Salisbuiw. 

1861. JIIrwE, Rev. Adraiiam, D.C.L., LL.D., F.S.A. All Soul’s Vicarage, 
Rupert-lane, Liverpool. 

1850. Jllumpliries, David James. 1 Keynsham-parade, Cheltenham. 

1802. HIumphry, GEonaE Murray, M.D., F.R.S., IVofessor of Anatomy 
in the University of Cambridge. The Leys, Cambridge. 

1863. HIunt, Ax^gustus II., M.A., l^h.D. Biidley House, near Chester-le- 

Street. 

1865. JHunt, J. P. Gospel Oak Work.«i, Tipton. 

1840. JHuxt, Rorert, F.R.S., Keeper of the Mining Records. Museum 
of Ih’actioal Geology, Jernmi-.street, London, S.W. 

1864. fllunt, W. 72 Pultenev-strect, Bath. 

Hunter, Andrew Galloway, llenholm, Hawick, N.B. 

1808. JHunter, Christopher. Alliance Insurance Oflice, North Shields. 

1807. jllimter, Dayid. I31ackne.«s, Dundee. 

1869. *IIunter, Rev. Robert, F.G.S, 9 Mecklenburgh-street, London, W.C. 
1855. *Hunter, Thomas O. 13 William-street, Greenock. 

1863. JHimtsman, Benjamin. West Retford Hall, Retford. 

1869. llliirst, George. Bedford. 

1861. *IIurst, Wm. John. Drumaness Mills, Ballyuahinch, Lisburn, Ireland, 

1870. Jllurter, Dr. Ferdinand. Appleton, Widnes, ne.ar AVamngton. 

IIiLsbaud, William Dalla. Coney-street, York. 

1868. ^Hutchison, Robert. Carlowrie, Kirkliston, N.B. 

1863. JIIuTT, The Right Hon. Sir W., K.C.B. Gibside, Gateshead. 

Hutton, Crompton. Putney -park, Surrey, S.W. 

1864, *Hutton, Darntou. (Care of Arthur Lupton, Esq., Headingley, near 

Leeds.) 

Hutton, Henry. Edenfield, Dundrum, Co. Dublin. 

1857. Jllutton, Henry D. 10 Lower Mountjoy-street, Dublin. 

1801. ’•'Ilutton, T. Maxwell. Siunmerhill, Dublin. 

1852. tlluxEEY, Thomas Henry, I>h.D., LL.I)., Sec. R.S., F.L.S., F.G.S., 
Professor of Natural History in the Royal School of Mines. 
4 Marlborough-place, London, N.W. 

Hyde, Edward. Diifeinfield, near Manchester. 

1871. Hlyett, Francis A. 13 Hereford-squaro, Old Brompton, London, S.W. 

Hyett, W illiam Henry, F.R.S. Paiuswick, near Stroud, Gloucester- 
shire. 

1847. {II^Tidman, George C. 5 Howard-street, Belfast. 

Ihne, William, Ph.D. Heidelberg. 

1873. §Ikin, T. J. 19 Park-plac^e, Leeds. 

1861. tiles, Rev J. H. Rectory, Wolverhampton. 

1858. t Ingham, Henry. Wortley, near Leeds. 

1871. The Right Hon. John, D.C.L., LL.D., Lord Justice General 

of Scotland. Edinburgh. 

1858. *Ingram, Hugo Francis M^nell. Temple Newsam, Leeds. 

1852. tl^GRAM, J. K., LL.D., M.R.I.A., Regius Professor of Greek. Trinity 
College, Dublin. 

1854. *Inman, Thomas, M.D. 8 Vyvyan-terrace, Clifton, Bristol. 

1870. William. Upton Manor, Liverpool. 
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Ireland, E. S., M.D. 121 Stephen’s-^eeu, Dublin. 

1857. JIrvine, Hans, M.A., M.B. 1 Kutland-square, Dublin. 

1862. JIsELiN, J. P., M.A., F.G.S. 52 Stockwell-park-road, London, S.W. 
1803. *lvory, Thomas, 23 Walker-street, Edinburgh. 

1866. JJabet, George. Wellington-road, Ilandsworth, Birmingham. 

1870. jjack, James. 26 Abercromby-square, Liverpool. 

1859. §Jack, John, M.A. Belhelvie-by- Whitecairns, Aberdeenshire. 

1866. §Jackson, H. W. Springfield, Tooting, Surrey, S.W. 

1809. §.Tackson, Moses. Tlie Vale, Eamsgate. 

Jackson, Professor Thomas, LL.D. St. Andrew’s, Scotland. 

1863, *Jackson-Gwilt, Mrs. II. 24 Ilereford-square, Gloucester-road, 

Bromnton, London, S.W. 

Jacob, Artiiur, M.D. 23 Ely-place, Dublin. 

1852. JJAOoiis, Bethel. 40 George-street, Hull. 

1874. *Jnffc, John, Messrs. JafFe Ilrothers, Belfast. 

1865. *Jaf}ray, John. Park-gi’ove, Birmingham. 

1872. §Janies, Christopher. 8 Laurence Pountney Hill, Loudon, E.C. 

1850. J.Taiues, Edward. 0 Gascoyne- terrace, I’lyiiiouth. 

1800. J James, Edward H. 9 Gascoyne-terrac(', Plviuouth. 

James, Colonel Sir Henry, B.E., E.E.S.,‘E.G.S., M.R.LA. Ord- 
nance Survey Office, Southampton. 

1863. *James, Sir AValter, Bart., E.G.S. 0 AVhitchall-gai-dens, London, 

S.W. 

1858. J James, William C’. 9 Ga.scovne-terrace, l^lymoiith. 

1863. 1 Jameson, John Henry. 10 Catherinc-terrace, Gateshead. 

1859. *Jamieson, Thomas E., F.G.S. Ellon, Aberdeenshire. 

1850. l.Tardine, Alexander. Jardiiie Hall, Lockerby, Dumfriesshire. 

1870. f.Tardine, Edward. Beach Lawn, Waterloo, inyerpool. 

•Jaudine, Sir WiLin vM, Bai-t., F.K.S. L. E.,F.L.S, Jardine Hall, 
Apjdegarth by J.ockerhy, l)uinFri(\‘?s]iire. 

1853. *Jarratt, Bev. C’anon J., M.A. North Cave, near Brough, Yorkshire. 

Jarrktt, Bey. Thom \s, M.A., Professor of Arabic in the University 
of C nmbridge. T runch , N orfolk. 

1870. §.Tarrold, John James. London-street, Norwich. 

1802. JJeakes, Bcv. James, M.x\. 54 xVrgylbroad, Kensington, AV. 

Jehb, Bev. John. Peterstow Bectorv, Boss, Herefordshire. 

1808. J.Tecks, Charles, billing-road, Nortliamptoii. 

1870. F. J, Li nr r pool. 

1856. UTetlery, Henry, M.A. 438 High-street, Cheltenham. 

1855. *,Teffray, John. 193 St. ATneent-street, Glasgow. 

1867. J Jeffreys, Ilowel, M.A., F B.xV.S. 5 Brick-court, Temple, E.C. ; and 
25 Devonshire-place, Portland-place, London, W. 

1861. •Jeffreys, J. Gw yn, LL.D., F.B.S., F.L.S., Treas. G.S., F.R.G.S. 

AA'are Priory, Herts. 

1852. IJjELLKTT, Bev. John II., M.A., M.B.I.A., Professor of Natural Philo- 
sophy in Trinity College, Dublin. 64 Upper Leeson-streei, 
Dublin. 

1842, Jellicorse, John. Chaseley, near Bugelcy, Staffordshire. 

1864. XJelly, Dr. W. 

1862. § Jenkin, H. C. Fleemtno, F.B.S., Professor of Civil Engineering in 

the University of Edinburgh. 5 Fettes-row, Edinburgh. 

1864. § Jenkins, Captain Griffith, C.B., F.B.G.S. Derwin, Welshpool. 
1873. § Jenkins, Major General J. J. 14 St. James ’s-square, London, S.W, 
•Jenkyns, Eev. Henry, D.D. The College, Durham. 

Jennette, Matthew. 106 Conway-street, Birkenhead. 

1852. t Jennings, Francis M., F.G.S., M.E.J.A. Brown-street, Cork. 
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1872. iJenniiipfS, AV. Grand Hotel, Briglitoii. 

1870. J Jerdon, T. 0. (Caro of Mr. II. S. King, 45 Pall Mall, London, S.W.) 
‘ ’^JeiTam, Eev. S. John, M.A. Cliohhnm Vicarage, near Bagshot, 
Surrey. 

1672. §Jesson, Thomas. 8 Clarendon-crescent, Brighton. 

Jessop, AVilliam, jim. Biitterley Hall, Derhyshiro. 

1870. *JEyoxs, AV. Stani.kv, M.A., F.B.S., Professor of Political Economy 
in Owens College, Manchester. Parsonage-road, AATthingion, 
AJanch ester. 

1872. *Joad, George C. Patching, Arundel, Sus.sex. 

1S71. * Johnson, Hayid. Iryon A'illa, Grosyenor-road, AA^exhani. 

18()5. * Johnson, G. J. r»4 AA'aterloo-street, Binningham. 

18(30. §Johiison, John. Knighton Fields, Leicester. 

18(30. § Johnson, John G. 18 a Basinghall-street, London, E.C. 

1808. J Johnson, J. Godwin. St. Giles's-street, Norwich. 

1872. J Johnson, J. T. 27 Hale-street, Manclieater. 

1808. XJoJmson, Hamlall J, 

1800. j Johnson, B. S. Han well, Fence Houses, Durham. 

1801. jjolmson, Bichard. 27 Dale-street, Alancliester. 

1870. §.Tohnson, IMchard C. AVarren Side, Blundell Sands, Li yerpool. 

* Johnson, Thomas. Tlie Hermitage, I'Todsham, CJieshire. 

1804. J Johnson, Thomas. 00 Belgi'ay e-street. Commercial-road, Lon- 
don, E. 

Johnson, AA'illiani. The AAVnds Point, Colwall, Malveni, AA'orcester- 
shire. 

1801. t Johnson, AA'illiam Bechett. AA'oodlands Bank, near Altrincham. 

1871. j.Tohnston, A. Keith, F.G.B.S. 1 Sayile-row, AV. 

JoHNSTox, AnKXAxnEii BonKRT, F.B.8. Heatherley, near 
AA'okingham. 

1804. } Johnston, Dayid. l.^> Ararlhorough-buildings, Bath. 

Johnston, Edward. JAeld House, Ch<‘ster. 

1850. J Johnston, James. Newmill, Elgin, N.B. 

1804. i Johnston, James. Alanor House, Noilhend, Hampstead, Lon- 
don, N.AAh 

*Jolinstoue, James. Alya House, hy Stirling, N.B. 

1804. I Johnstone, John. 1 Barnard-villas, Bath. 

1804. jjolly, Thomas. Park A'iew-yillas, Bath. 

1871. § Jolly, AA’illiam (11. AI. Inspector of Schools). Inyemess, N.B. 

1840. jJones, Baynhani. Selkirk A’illa, Cheltenham. 

1850. jJones, C. \A^. 7 Grosycnor-place, Cheltenham. 

1854. X*^(mc8, Ri r. Henry II. 

1854. X^QueSy John. 

18(34. §.JoxES, John, F.G.S. Salthum-by-the-Sea, A orkshire. 

1805. John. 40 1 n ion -passage, Birmingham. 

* Jones, Bobert. 2 Ca.stle-.street, IJyerpool. 

3854. * Jones, B. L. 0 Sunnyside, Prince.s Park, Liyer|)oo]. 

1873. § Jones, Theodore B. 1 Einsbury-circus, E.C. 

3847. J JoxKS, Thomas IlYMEn,F.R.S.,I^rofes.sorof Coinpaiatiye Anatomy in 
Iviiig’s College. 52 Cornwall-road, AA^estbonrne Park, I^ondon, W. 
18G0. } Jones, P. Bi peiit, E.B.S,, F.G.S. , IVofessor of Geology and 
Mineralogy, Boyal Alilitary and Staff Colleges, Sandhurst. 6 
College-terrace, A"ork Town, Surrey. 

1804. § J ones, Sir AAAlloughby, Bart.,F.R.G..^. Cranmer Hall, Fakenham, 
Norfolk, 

Benjamin St. John B. Southcliffe, Southport, Lancashire. 
1612. * J ouLE, James Prescott, LL.D., F.B.S., F.C.S. 343 Lower Brough- 
ton-road, Alanchester. 
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1847. J JowETT, Rev. B., M.A., Regius Professor cf Greek in the University 

of Oxford. Balliol College^ Oxford. 

1858. JJowett, .John. Leeds. 

1872. JJoy, Algernon. 17 Parliament-street, Westminster, S.W. 

1848, *JoY, Rev. Charles Ashfield. Grove Parsonage, Wantage, Berkshire. 

Joy, Ilenr}'^ Holmes, LL.I)., Q.C., M.R.I.A. Torquay. 

Joy, Rev, John Holmes, M.A. 3 Coloney -terrace, Tunbridge 
Wells. 

*Jubb, Abraham. Halifax. 

1870. JJudd, John Wesley, F.G.S. G Manor-view, Brixton, 

18G3. j Jukes, Rev. Andrew. Spring Bank, Hull. 

1808, *Kaines, Joseph, M.A., D.Sc., F.A.S.L. 8 Osbome-road, Stroud 
Greeu-lane, Homse}^, N. 

Kaxe, Sir Robert, M.l)., F.R.S., M.R.I.A., Principal of the Royal 
College of Cork. 51 Stephen’s-gi-een, Dublin. 

1857. JKavanagh, Janu's W. Grenville, Rathgar, Ireland. 

1859. JKay, David, F.R.G.S. 19 Upper l*h illimore- place, Kensington, W.^ 

Kay, John ( -unliff. Fairfield Ilall, near Skipton. 

*Kay, John Robinson. Walinersley House, Bury, Lancashire. 

Kay, Robert. Ilaugh Bank, Boltoii-le-Moors. 

1847. *Kay, Rev. William, D.D. Great Leghs Rectory, Chelmsford. 

1850. IKay-Shuttlewoi’th, Sir James, Bart. Gavi;horpe, Burnley. 

1855. JKaye, Robei-t. Mill Brae, Moodies Burn, by Glasgow. 

1872. §Keames, William M. 5 Lower-rock-gardens, Brighton. 

1855. XKeddie, William, 

18f)G. JKeene, Alfred. Eastiioor House, Leamington. 

1850. IKeli.ani), Rev. Philip, M.A., F.R.8. L. & E., Professor of Mathe- 
matics in the University of Edinburgh. 20 Clarendon-crescent, 
Edinburgh. 

18G4. ♦Kelly, W. M., M.D. 11 The Crescent, Taunton, Somerset. 

1812. Kelsall, J. Rochdale, Lancashire. 

1804. ♦Kemble, Rev. Charles, M.A. Vellore, Bath. 

1853. JKemp, Rev. Henry William, B.A. The Charter House, Hull. 

1857. JKeniiody, Lieut-Colonel John Pitt. 20 Torriugton-square, Blooms- 
bury, London, W.C\ 

Kenny, Matthias. 3 Clift on-terrace, Monkstown, Co. Dublin. 

1865. JKennck, William. Tsorfolk-road, Edgbaston, Birmingham. 

Kent, J. C. LeViint Lodge, EaiTs Croome, Worcester. 

1857. iKcnt, William T., M.R.D.S. 51 Rutland-square, Dublin. 

1857. iKenworth, James Ryloy. 7 Pembroke-place, liiverpool. 

1857. ♦Ker, Aiidrd Allen Murmy. Netlddiss House, Newbliss, Ireland. 

1855. ♦Ker, Robert. Auchinraitli, near Hamilton, Scotland. 

1805. ♦Kerr, William D., jNI.D., R.N. Bonnyrigg, Edinburgh. 

1808. JKerrison, Roger. Crown Bank, Norwich. 

1809. ♦Kesselmeyer, Charles A. 1 Peter-sti’oet, Manchester. 

1869. ♦Kesselmeyer, William Johannes. 1 Peter- street, Manchester, 

1801. ♦Keymer, .Tohu. Parker-street, Manchester. 

1805. *Kinahan, Edward Hudson. 11 Memon-square North, Dublin. 

1800. JKinahan, G. Henry, M.R.I.A. Geological Survey of Ireland, 14 
Ilume-street, Dublin. 

1858. jKincaid, Ilenrv Ellis, M.A. 8 Lyddon-terrace, Leeds. 

1872. ♦King, Mrs. E. M. 34 Cornwall-road, Westboume-park, London, W. 
1871. ♦King, Herbert Poole. Theological College, Salisbury. 

1855. JKing, James. Levemholme, Hurlet, Glasgow. 

1870. §King, John Thomson, O.E. 4 Clayton-square, Liverpool. 

King, Joseph. Blundell Sands, LiverpooL 
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1864 KelbitunK; M.B. 27 George-street, and Royal Institution, 

Hill], 

1860. *King, Mervyn Kersteman. Avonside, Clifton, Bristol. 

1842. KiNa, Richard, M.T). 12 Bulstrode-street, London, W. 

King, Rev. Samuel, M.A., F.R.A.S. St. Aubins, Jersey. 

1870. JKing, William. 13 Adelaide-terrace, Waterloo, IdverpooL 
King, William Poole, F.G.S. Avonside, Clifton, Bristol. 

1869. JKingdon, K. Taddiford, Exeter. 

1862. JKingsley, Rev. Canon Charles, M.A., D.C.L., F.L.S., F.G.S. 

Eversley Rectory, Winchlield. 

1861. f Kingsley, John. Ashfield, Victoria Park, Manchester. 

1835. Kint^stone, A. John, M.A. Mosstown, Longford, Leland. 

1867. JKinfoch, Colonel. Kirriemuir, Logie, Scotland. 

1867. *Kinnaiiid, The lion. Arthur Fitzoerald, M.P. 1 Pall Mall East, 
London, S.AV. ; and Rossie Priorv, Inchture, Perthsliire. 

1863. JKinnaird, The Right lion. Lord., K.T., F.G.S. Rossie Priory, Inch- 

tui*e, Perthshire. 

Kinnear, J. FJl.S.E, 

1870. JKinsnian, William R. Bmncli Bank of England, liiverpool. 

1863. jKirkaldy, Bavid. 28 Barthol(>mew-roa<l North, London, N.W. 
1860. fKiRKMAN, Rev. Thomas P., M.A., F.R.S. Croft Rectory, near 

Warrington. 

Kirkpatrick, Rev. W. B., D.D. 48 North Great George-street, 
Dublin. 

1870. ^Kitchener, Frank E. Rugby. 

1869. iKnapman, Edward. The Vineyard, Castle-street, Exeter. 

1870. jKneeshaw, Henry. 2 Gambier- terrace, Liverj'jool. 

Knipe, J. A. Botcherby, Carlisle. 

1872. *Knott, George, LL.B.,* F.R.A.S. Cuckfield, Hayward’s Heath, 

Sussex. 

1873. ♦ICnowles, George. Moorhead, Shipley. 

1872. J Knowles, James. The Hollies, Claphain Common, S.W. 

1842. Knowles, John. Old Traflbrd Bank House, Old Traflbrd, Man- 
chester. 

1870. XKnowlcs^ Eev, J, L, 

•Knox, George .Tames. 37 Liverpool-strect, Dover. 

1835. Knox, Thomas B. Union Club, Trafalgar-sqiiare, London, W.C. 
1870. JKynaston, Josiah W. St. Helens, Lancashire. 

1865, iKynnersley, J. C. S. The Leveret ts. Hands worth, Birmingham, 

1858. §Lace, Francis John. Stone Gapp, Cross-hill, Leeds, 

1862. XLacher stein J Dr. 

1859. JLadd, William, F.R.A.S. 11 & 13 Beak-street, Regent-street, Lon- 

don, VV. 

1850. JLaing, David, F.S.A. Scotl. Signet Library, Edinburgh. 

1870. jLaird, IL H. Birkenhead. 

Laird, John, M.P. Ilamilton-sqiiare, Birkenhead. 

1870, §Laird, John,Tun. Grosvenor-road, Claughton, Birkenhead. 

1859. |;Lalor, John Joseph, M.R.I.A. 2 Longford-terrace, Monkstown, Co 
Dublin. 

1846. •liaming, Richard. Flansham, near Bognor, Sussex. 

1870, JLamport, Charles. Upper Norwood, Surrey, 

1871. 5Lancaater, Edward. Karesforth Hall, Bamesley. 

1859. tLong, Rev. John Marshall. Bank House, Momingside, Edinburgh. 

1864. §Lang, Robert. Mancombe, Henbury, Biistol. 

1870. JLan^on, Charles. Barkhill, Aigburth, Liverpool. 

•Lan^n, William. Manchester and Salford Bapk, Manchester. 
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1840. JLankesteb, LL.D., F.R.S., F.L.S. OSBelsize-park. 

N.W. 

1865. §Lankester, E. Ray, M.A. Exeter College, Oxford. 

*Labcom, MAjor-General Sir Thomas Aiskew, K.C.B., R.E,, F.R.S., 
M.R.I.A. Heathfield House, Fareham, Hants. 

Lassell, William, F.R.S., F.R.A.S. Ray Lodge, Maidenhead. 
18G1. * Latham, Arthui* G. 24 Cross-street, Manchester. 

1870. *Imthain, Baldwin. 7 Westminster-chambers, Westminster, S.W. 
1845. JLatham, Robert G., M.A., M.I)., F.R.S. 96 Disraeli-road, Putney, 
S.W 

1870. JLaughton, John Knox, M.A., F.R.A.S., F.R.G.S. Royal Naral 
College, Portsmouth. 

1870. *Law, Channell. 5 Champion-park, Camberwell, London, S.E. 

1857. JLaw, Hugh, Q.C. 4 Great Denmark-street, Dublin. 

1862. jljaw. Rev. James Edmund, M.A. Little Shelford, Cambridgeshire. 

Lawley, The Hon. Francis Charles. Escrick Park, near York. 
Lawlej", The lion. Stephen Willoughby. Escrick Park, near York. 
1870. JLawrence. Edward. Aigburth, Liverpool. 

1869. JLawson, Henry. 8 Nottingham -place, London, W. 

1857. jLawson, The Right Hon. J ames A., LL.l)., M.R.I.A. 27 Fitzwilliam- 
atreet, Dublin. 

1868. *Lawson, M. Alexander, M.A,, F.L.S., Professor of Botany in the 
University of Oxford. Botanic Gardens, Oxford. 

1863. jLawton, Benjamin C, Neville Chambers, 44 Westgate-street, 

Newcastle-upon-Tyne. 

1853. JLawton, William. 5 Victoria-teiTace, Derringham, Hull. 

Laycock, Thomas, M.D., Professor of the Pi*actice of Physic in the 
University of Edinburgh. 4 Rutland- street, Edinbui'gh. 

1865. JLea, Henry. 35 Paradise-street, Birmingham. 

1857. JLeach, Capt. R. E. Mountjov, Phamix Park, Dublin. 

1870. •Leaf, Charles John, F.L.S.; F.G.S., F.S.A. Old Change, London, 

E.C. ; and Painshill, Cobham. 

1847. *Leatham, Edward Aldam, M.P. AVhitley Hall, Huddersfield; 
and 46 Eaton-square, London, S.W. 

•Leather, John Towlerton, F.S.A. Leventhorpe Hall, near Leeds. 

1858. JLeather, .lohn W. Newton Green, Leod*’. 

1863. "Leavers, J. W. The Park, Nottingham. 

1872. JLebour, G. a., E.G.S. Geological Survey Office, Jermyn-street, 
London, S.W. 

1858. •Le Cappelain, .Tohn. Wood-lane, Ilighgate, London, N, 

1858. JLedgard, William. Potter Newton, near Leeds. 

1842. Lee, Daniel. Springfield House, Pendlebiiry, Manchester. 

1861. JLee, Henry. Irwell House, Lower Broughton, Manchester. 

Lee, Henry, IVl.D. Weatheroak, Alve Chm*ch,near Bromsgrove. 
1853. •Lee, John Edward, F.G.S., F.S.A. Villa Syracusa, Torquay. 

1859. fLees, William. Link Vale Lodge, Viewforth, Edinburgh, 

•Leese, Joseph. Glenfield, Altrincham, Manchester. 

•Leeson, Henry B., IM.A., M.D., F.R.S., F.C.S The Maples, Bon- 
church. Isle of Wight. 

1872. ILefe^stie, G. Shaw, M.P., F.R.G.S. 18 Spring-gardens, London, 
S.W. 

•Lefroy, Major-General J. Henry, R.A.,F.R.S., F.R.G.S., Governor 
of Bermuda. Bermuda. 

*Legh, Lieut. -Colonel George Cornwall, M.P. High Legh Hall, Che^ 
shire ; and 43 Curzon-street, Mayfair, London, W. 

1 869. jLe Grice, A. J. Ti»ereife, Penzance. 

1868, JLeicesteb, The Right Hon. the Earl of, Holkham, Norfolk. 
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1856. I Leigh, The Right Hon. Lord, D.C.L. 37 Portman-square, London, 
W. ; and Stoneleigh Abbey, Kenilworth. 

1861. •Leigh, Henry. Moorfield, Swinton, near Manchester. 

1870. §Leighton, Andrew. 35 High-park-street, Liverpool. 

•Leinster, Augustus Frederick, Duke of, M.R.I.A. 6 Carlton 
House- terrace, London, S.W. ; and Carton, Maynooth, Ireland. 
1867. ^Leishman, James. Gateacre Hall, Liverpool. 

1870. J Leister, G. F. Gresboum House, Liverpool. 

1859. j Leith, Alexander. Glenkindie, Inverkindie, N.B. 

1860. iLempriere, Charles, D.C.L. 8t. John’s College, Oxford. 

1863. *Lendy, Capt. Auguste Frederic, F.L.S., F.G.S. Sunbury House, 

Sunbury, Middlesex. 

1867. JLeng, John.* ^ Advertiser ’ Office, Dundee. 

1861. JLennox, A. C. W. 7 Beaufort-gardtuia, Broinpton, London, S.W. 

Lentaigne, John, M.D. Tnllaght House, Co. Dublin j and 14 Great 
Doniinick-street, Dublin. 

Lentaigne, Joseph. 12 (treat Denni ark-street, Dublin. 

1871. §Leonard, Hugh, M.R.I.A., Geological Survey of Ireland. 14 Hume- 

street, Dublin. 

1861. JLeppoc, Henry Julius. Kersal Crag, near Manchester, 

1872. iLermit, Rev. Dr. School House, Dedham. 

1871. jLeslie, Alexander, C.E. 72 George-street, Edinburgh. 

1856. JLeslie, Colonel J. Forbes. Rothienorinan, Aberdeenshire. 

1852. jLE8LiE,T. E. Cliffe, LL.B., Professor of Jurisprudence and Political 

Economy, Queen's Colh'ge, Belfast. 

1866. §Levi, Dr. Le(»ne, F.S.A., F.S.S., F.li.tLS., Professor of Commercial 
Law in King's College, London. 10 I'arrar’s-building, Temple, 
London, E.C. 

1870. jLewis, Alfred Lionel. 151 Church-road, l)e Beauvoir Town, 

London, N. 

1853. JLiddell, George William [Moore. Sutton House, near Hull. 

1860. JLiddell, Tlie Very Rev. II. (h, D.D., Dean of Christ Church, Oxford, 
1855. \ Liddell y John. 

1859. XLifjertu'ood y Goorc/e. 

1864, JLightbody, Rorkrt, F.G.S. Ludlow, Salop. 

1862. JLilford, The Right Hon. l.<ord, F.L.S. Lilford Hall,Oundle, North- 

amptonshire. 

•Limerick, Charles Graves, D.D., M.R.I.A., Lord Bishop of. The 
Palace, Heniy-strcet, Limerick. 

•Lindsay, Charles.* Ridge Park, Lanark, N.B. 

1855. * Lindsay y John II. 

1871. •Lindsay, The Right Hon. Lord, M.P. 47 Brook-street, London, W. 
1871. ILindsay, Rev. T. M. 7 Great Stuart-street, Edinburgh. 

1870. ILindsay, Thomas. 288 Renfrew-street, (Jlasgow. 

1842 •Ijingari, John R., F.G.S. Mavfield, Sliortlunds, Bromley, Kent. 
Lingwoody Lohert M.y M.A.^ L\L.S.y F.G.S, 

Lister, James. Livenpool Fnion Bank, IJverpool. 

1873. •Lister, Samuel Cuiilifie. Farfield Hall, Addingham, Leeds. 

1870. §Lister, Thomas. Victoria-crescent, Barnsley. 

Littledale, Harold. Discard Hall, Cheshire. 

1861, •Liveing, G. D., M.A., F.C.S., Professor of (.’hemistry in the Uni- 

versity of Cambridge. Newnham, Cambridge. 

1864. fLivesay, J. G. Cromarty House, Ventnor, Isle of Wight. 

1860. I Li vingstone, Rev. Thomas Gott, Minor Canon of Carlisle Cathedral, 

Lloyd, Rev. A. R. Hengold, near Oswestry. 

Lloyd, Rev. C., M.A. Whittington, Oswestry. 

1842. Lloyd, Edward. King-street, Manchester, 
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1805, JLloyd, G. B. Wellington-road, Edgbaston, Birmingham. 

*Lloyd, George, M.D., F.G.S. Park Glass Works, Birmingham. 
•Lloyd, Bev. IIumphuey, D.D., LL.D., F.R.S. L. & E., M.B.I.A., 
Provost of Trinity College, Dublin. 

1870. JLloyd, James. 10 Welfield-place, Liverpool. 

1870. JLloyd, J. H., M.D. Anglesey, North Wales. 

18G5. J Lloyd, John. Queen’s College, Biimiinghani. 

Lloyd, Rev. Rees Lewis. Belper, Derbyshire. 

1805. •Lloyd, Wilson. Myrod House, Wednesbury. 

1854. •Lobley, James Looan, F.G.S., F.R.G.S. 69 Clarendon-road, Ken- 
sington, London, W. 

1853. *Locke, John. (Care of J. Robertson, Esq., 3 Grafton-street, Dublin.) 

1807. *Locke, John. 83 Addison-road, Kensington, London, W, 

1872. J Locke, John, M.P. 03 Eaton-plac(‘, London, S.W. 

1803. JLockyer, j. Normax, F.R.8., F.Il.A.S. 5 Alexandra-road, 
Finchley-road, London, N.W. 

•Logan, Sir’ William Edmond, LL.T)., F.R.S., F.G.S., F.R.G.S., 
Director of the Geological Survey of Canada. Montreal, Canada. 

1808. J Login, Thomtis, C.E., F.lt.S.E. India. 

1802. jLong, Andrew, M.A. King’s College, Cambiidge. 

1872. jLong, Jeremiah. 50 Marine Parade, Brighton. 

1871. JLong, John ,Jex. 12 Wliite\ale, Ghisgow. 

1851. jLong, William, F.G.S. Hurts llall, Saxmundham, Suflblk. 

1800. §Longdon, Frederick. Luamdur, near Derby. 

1857. iLong^field, Rev. George, D.D. Trinity College, Dublin. 

Long FIELD, Mountifort, LL.D., M.R.I.A., Regius Professor of 
Feudal and English Law in the University of Dublin. 47 Fitz- 
william- square, Dublin. 

1801. * Longman, Willhuu, F.G.S. 30 Hyde-park-square, London, W. 

1859. jLongmuir, Rev. John, M.A., LL.D. 14 Silver-street, Aberdeen. 

Longridge, William S. Oakhurst, Anibergate, Derbyshire. 

1871. §Longstatl‘, George Dixon, M.D., F.C.S. Southfields, Wandsworth, 

S.W. ; and 9 Upper Tlianies-street, London, E.C, 

1872. •Longstaff, Llewellyn Wood, F.R.G.S. Summergangs, Hull, 

1801. •Lord, Edward. Adainroyd, Todmorden. 

1803. JLosh, W. S. Wreay S3ke, Carlisle. 

1807. •Low, James F. Monifieth, by Dundee. 

1803. •Lowe, Lieut.-Colonel Arthur S. II., F.R.A.S. 70 Lancaster-gate, 
London, W. 

1801. •Lowe, Edward Joseph, F.R.S., F.R.A.S., F.L.S., F.G.S., F.M.S. 

Highfield House Observatory, near Nottingham. 

1870. JLowe, G. C. 07 Cecil-street, Greenhoj's, Manchester, 

1808. JLowe, John, M.D. King’s Ljnn. 

1850. jLowe, William Henry, M.D., F.R.S.E, Balgreen, Slnteford, Edin- 
burgh. 

1853. •Lubbock, Sir John, Bart., M.P., F.R.S., F.L.S., F.G.S. High Elms 
Farnborough, Kent. 

1870. JLubbock, Montague. High Elms, Farnborough, Kent. 

1849. *IjUckcock, Howard. Oak-hill, Edgbaston, Birmingham. 

1867. •Luis, John Henry. Cidhmore, Dundee. 

1873. §Lumley, J. Hope Villa, Thombiiry, near Bradford. 

1860. *Lund, Charles. 1 Blenheim-road, Bradford. 

1873. §Lund, Joseph. St. George’s-place, Bradford. 

1873. §Lund, Joseph. St. George’s-place, Bradford. 

1850. •Lundie, Cornelius. Tweed Lodge, Cardiff. 

1853. |Lunn, William Jos^h, M.D. 23 Charlotte-street, Hull. 

1858. *Lnpton, Arthur. Headingley, near Leeds. 
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1864. *Lupton, Damto:^ jun. The HarehillSi Leeds. 

1864. *Lutley, John. Brockhampton Park, Worcester, 

1866. ILycetT; Sir Feancis. 18 Highburj-gi’ove, London, N. 

*LyELL, Sir Charles, Bart., M.A., LL.D., D.C.L., F.B.S., F.L.S., 
V.P.G.S., lion. M.ll.S.Ed. 73 Ilai-ley-street, London, W. 

1871. JLyell, Leonard. 42 BegenPs Park-road, London, N.W. 

1857. JLyons, Bobert D. 8 Merrion- square West, Dublin, 

1862. *L}i:e, F. Maxwell, F.C.S, 6 Cite de lletiro, Faubourg St. Honort^, 

Paris. 

1849. ILyttletox, The Bight lion. Lord, D.C.L., F.R.S. 12 Stratton- 
street, London, W, 

1852. IMacAdam, Robert. 18 College-square Ea.st, Belfast. 

1854. *Macai)am, Stevenson, Ph.D., F.R.S. E., F.C.S. , Lecturer on 

Chemistry. Surgeons’ Hall, Edinburgh ; and Brighton House, 
Portobello, by Fdinburgli. 

1868. JM.acalister, Alexander, M.l)., Professor of Zoology in the Uni- 
versitv of Dublin. 13 Adehiide-road, Dublin. 

1868. JM^Allan, ^V. A. Norwich. 

1866. •M‘ Arthur, A., M.l*. Raleigh Hall, Brixton Rise, London, S.W. 
1840. Macaulav, James A. M., M.D, 22 Cambridge-road, Kilburn, London, 

N.W. 

1871. JM‘Baiii, James, M.D., R.N. Logie Villa, York-road, Trinity, IMin- 

burgh. 

*MacBrayne, Robert. Househill Hamlet, Glasgow. 

1866. JM^Callan, Rev. J. F., M.A. Ba.sfoi*d, near Nottingham. 

1856. XM^Calhon, Archibald K,, M.A, 

1863. tM^Calmont, Robert. Gatton Park, Reigate. 

1855. JM^Cann, Rev. James, D.D., F.R.S.L., F.G .S. 1 8 Sbaftesbury-tcrrace, 

Glasgow. 

1840. McClelland, James, F.S.S. 32 Pembridge-square, Ijondon, W. 
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DhKlM'd) FROM A (’oMI'AlliSON OF THE PAINTING^, S('ELPTT:R1 :s, AND MONUMENTS 

still existing, with the accounts of Ancient Authors. 

BY SIR J. G. WILKINSON, F.R.S. 

2\cit' Edition. With oOO Illustrations. 3 vols. 8vo. 


AN HISTORICAL ATLAS OF ANCIENT GEO- 
GRAPHY, BIBLICAL AND CLASSICAL. 

Compiled under the superintendence of 

DR. WM. SMITH AND MR. GEORGE GROVE. 


THE BIBLICAL WAPS 
Part IY. (Beady.) 

,^inai. 

Asia Minor. 

Northern Afrua. Carthage, CVrene, &c. 

GEOGUAniicAL Systems of the 
Ancients. 

Kingdoms of the Successors of Ai ex- 
ANDER THE Great. Part 1. 

Kingdoms of the Successors of Alex- 
ander THE Great. Part II. 

The Roman Empire, in its greatest extent. 

The Roman Empire, after its division into 
the Eastern and Western Empires. 

Byyyf. 


RF. printed in ITALICfi. 

Part Y. 

Britannia. 

Germania, Rhaitia, Noricum. 
Thracia, Masia, Illyria, Pannonia, 
Dacia. 

Italy, Historical Maps, — SArj)iNiA, 
AND Corsica. 

Arabia. 

India. 

Environs of Jerusalem* 

, Plans of Nhuveliy BahyloUj Alexandria^ 
i Byzantium^ drc. 

Plan of Rome. 

. Environs of Rome. 


(To he com]d( ted in Five Parts). Folio, 21s, each. 
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MB. MUBBAY’S LIST OF FOBTH COMING WOBKS. 


THE G^WIC HEKESIES OF THE FIRST AND 
SECOND CENTHRIES. 

A Soii<'s (if Lectures ilelivcred befun* tlic Uiiiversit>" of Oxford, 

BY H. L. MANSEL, D.D., 

L ito PHtfcssor of Eoelesiat'tical History aud Dean of iSt r.uil’s 
ri;i:a:i)Ei) uv a bkief sked ii lU iiis life, wokk, and ciiAnAi i li:. 


GOTHIC ARCHITECTURE OF ITALY-CIIIEFLY 
IN BRICK AND MARBLE. 

BY GEORGE EDMUND STREET. RA. 

IxciUDiM, Nujkes of Aqi'iliua, Liune, Vjr],N/v, Feui;ai;a, ])Uhu(;.NA, 
Mom.na, and VeJA'LI.LI. 

E^hfivn. "With Ido Illustrations. 

loAal S\o. 

ITiifurm \\ith Siioet's “(loildc AieldteetuiT of Spain.” 


THE POETICAL lYOItKS OF ALEXANDER POPE. 

VOLUMK III., THK SATIRES. At. .Ic. 


LDirrn 

BY REV. WHITWELL ELWIN. 

Including lui: Xoiis u i i i'.y jiii- evil Ml. 1'io*ki n. 


8vn 


MEMOIR OF SIR RODERICK I. MURCHISON: 

Ba.sed upon jus JouiiNALs AND LirriEiis. ’With Notices ok iiis SriENTiFic 

CONTEMPOIlAllIES, AND A SKETCH OF THE RiSE AND rilOfUlES.S, 1 OK IIaLF A 
Cl^NTUKA', OF PaLASOZOIC GeOLOGY IN BlUTAIN. 

BY ARCHIBALD GEIKIE, LL.D., F.R.S., 

Murchisou-Professor of Geoloj^y and Mlneralo^fy in the Univernity of Edinburgh, and 
Director ol the Geological Burvey of Bcotlaud. 


Portraits, &c. 2 vols. 8vo, 



MR. MURRAY’S LIST OF FORTIWOMINa WORKS. 


OUTLINES OF AUSTIN’S LECTUfiES ON 
JUmSPEUDENCE. 

FOIJ THE use: of STUDENTS ; ABIUDGFJ) FROM THE LARGER WORK 
BY ROBERT CAMPBELL, 

(if Liiicoln‘s Inn, BariTHtei .it Ldw 
Post 8 VO. 


the SONNET; 

ITS STIiUCTUPvE AND PLACE IN POETRY. 
AVilli Original Translations from Petrarch. 

BY CHARLES TOMLINSON, F.R.S. 

Post 8 VO. 


MUEEAY’S EUEOPEAN HANDBOOK 

A CONDENSED GUIDE FOR TRAVELLERS TO THE CHIEF ROUTES AND 
MOST IMPORTANT PLACES UN THE CONTINENT. 

VTtli Map. One Volume. Post 8vo. 


PEACTICAL METALLUEGY; 

BY JOHN PERCY, M.D., F.R.8., 

Lecturer on ]Metallurg’y at the Government School of Mines. 

VOL. I.— FUEL, ^YOOD, COAL, COPPER, ZINC, &c. 
Neiv rcviscil cuk^ f/reaZ/j/ cnhnrjoJ Edition, AVith Illustrations. 8vo, 


MAETZNEE’S ENGLISH GEAMMAE. 

A METHODICAL, ANALYTICAL, AND IILSTOKICAL TREATISE ON THE ORTHOGBArilY, 
rnOSODY, INFLEf TIONH, AND SYNTAX OF THE ENGLISH TONGUE. 

THANSLATET) FUOM IHE GERMAN 

BY CLAIR J. GRECE, LL. B , 

Member of the rhilulogic.il ^Society. 

3 vols. 8vo. 


HOETENSIUS; 

AN HISTORICAL ESSAY ON THE OFFICE AND DUTIES OF AN ADVOCATE. 
BY WILLIAM FORSYTH, Q.C., LL.D., M.P., 

late Follow of Trinity Oollogo, Cambridge. 

Secniif! Editinp, Iterii.A. Willi lllustvalions. 8vo. 



C MJl. MUllllAY’S LIST Ob' FORTH COMINO WORKS. 

A CONCISE DICTIONAEY OF THE ENGLISH 
LANGUAGE. 

FOR PRACTICAL REF£RER('E METHODICALLY ARRANGED, AND BASED 
ri'ON THE BEST nilLOLOGIC AUTHORITIES. 

One Volume. ^Ic<Uum Svo. 

Also, a STUDENT'S AND SCIIOOL-EOOM ENGLISH DICTIONAHV. 

12mo. 

BOSWELL’S LIFE OF JOHNSON. 

EDITED BY THE RIGHT HON. J. W. CROKER. 

AVitii Notes by Lokd Siowlil. Sir AVAnni Scuit, Sir James Mackintosh, 
DIsKAEII, ]MaRKLAN1>, Lo(KHARI, Ac. 

A ncv\ Lihr(fr>j Edition. 

I*y Aei.xaxdk.r Napier, M.A., E'btor uf “ Isaac Harrow \ AVorks,” 

AViUi Portraits. 4 voU. Svi'. 

EASTERN AFRICA, 

AS A FIELD FOR MISSIONARY LABOUR. 

Four Lf/itekr adhres.sed 'io 'ime ARciiPi''H<iP of (’anti uiu pa . 

BY THE RIGHT HON. SIR BARTLE FRERE, G C.S.I.. KC.B.. D.C.L., 

Mcral>cr of tbc Irulian Council and President <>f the H -y.il Gc‘o|.frai>hn.il .Society. 

AVitli Map. ('luwij S\o, 5\ {/yodu,) 

A MEULEVAL LATIN DICTIONARY. 

Ba.scd on the AVork of DUCANGE. 

Tianslated into En^lLsli and Edited, with many Additions and Corrections, 

BY E. A. DAYMAN, B.D., 

Prebendary of Sarum, formerly Fellow and Tutor of Exeter College, Oxford. 

Small 4 to, 

*** A Specimen Sheet may he obtained from any Bookseller. 

THE POETICAL WORKS OF 

E. MONCKTON MILNES, LORD lOTOHTON. 

JVew Edition. 2 vols. F^ap. Svo. 
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MR. MURRAY'S LIST OF FORTHCOMING WORKS. 


THE FHENCH PEINCIPIA, PAHT IL 

A KEADING 1500K, WITH NOTES, AND A DICTIONARY ON THE 
I’LAN OF “SMITH’S PRINCIPIA LATINA." 

1 2iiio. 


THE FHENCH PEINCIPIA, PAET III. 

AN INTKODIN 'TIOX TO rKENCH PROSE COMPOSITION, 

CoxrAiNiM, A S\sTrM vnr Corner of Exeroisf^ ox the Syntax, with the 
I’ lnxcii'AL Rules of Syntax. 

12mo. 


TBE GERMAN PEINCIPIA, PAET I. 

riiiforiu Yitli tlic ‘‘ Freiu'li Piiin'ipia ainl “ Priiicipia Latina.” 12ino. 


PEINCIPLES OF GEEEK ETYMOLOGY. 

BY PROFESSOR GEORGE CURTIUS, OF LEIPZIG. 

Translated fioin the German 

BY A. S. WILKINS, M.A., AND E. B. ENGLAND, B.A., 

Fiufossors ill OwciiH College, Miinchestcr. 

8 VO. 


niSTOEY OF THE CHEISTIAN CHUECH. 

FROM THE APO.STOLIC AGE TO THE REFORMATION, 1517. 
BY JAMES C. ROBERTSON, 

Canon of Cantcibury. 

Xlu: (hid Popular Edition. Yol. HI. Post 8vo. 


ENGLAND AND RUSSIA IN THE EAST. 

A SERIES OF PAPERS ON THE POLITICAL AXD GEOGRAPHICAL 
CONDITION OF CENTRAL ASIA. 

BY MAJOR-GEN. SIR HENRY RAWLINSON, K.C.B., F.R.8., 

Member of the Council of India. 

With Map. 8vo. 



K MR. MURRAY'S LIST OF FORTUCoMhXO tFORKS. 


A DICTIOMEY OF CURISTIAN ANTIQUITIES 
AND BIOGRArilY. 

FROM THE TIMES OF THE APOSTLES TO THE A(iE OF CHARLEMAGXE. 

[r»v Vauiois AVi:in:i>.] 

EDITED BY WM. SMITH, D.C.L., & REV. S. CHEETHAM, M.A 

'2 vols. Mcdmin Svo. 

Uniform with “Dr. 'Win. Sinitli\ Dictionary of tin IlilU.” 

THE GEOLOGY OF YOKKSUIRE. 

VOL. I —Tin: (’OAST. 

BY JOHN PHILLIPS. D.C.L . 

cf at Oxford 

Jk-coiistr)/c(*'d (nv^ rt -v'riffi t\. AVitli many ioiditTon.d Illuvtiatioiis. 4to. 


THE STUDENT’S ELEMENTS OF GEOLOGY. 


BY SIR CHARLES LYELL. F.R.S. 

A Xcw (nul Ihviso^ FAiinHi With a Tah]«‘ *>1 Ihiti'li U'-'-iK aii-1 «;"ft Illustiatrin^. 

]\ist S\ (>, \ Jo *tt/ 1 / ) 

“ Sii (’liarlcs IacH ha> In n* d<>m‘ (<*i the irmlni:!. >] ^tud* iit wli it Sn .I.dm U(‘Js< Ik 1 did for 
the htudcnt <d a^trononn in hi^ iiK’umjiaialdr !•« i itiiK i'- in natm al n in «• 

liad lon«: wanti^d a short manual o|‘ ;:n»!o”y at a na'-'iiahl.' I'D' > , wlinh .viiMuM u-t (ontain a 
lull explanation of the lead.n^^ faft>- .ind ju-iii' ij»l< ' «d tin -inin*. Nnw tin} Into it” — 
Examiner. 


HUME’S HISTORY OF ENGLAND TO THE 
REVOLUTION OF ]m. 

A KEW LIIULMIV EDITION. Anaoiatnl nnd lAvrod. 7 vid.s. Svo. 


THE 


STUDENT’S MANUAL OF ECCLESIASTICAL IIISTOIiY. 

BY PHILIP SMITH, B.A., 

Author o| “The ytudcnl’.s Old and Xtw To^tainent Ilishan s ” 

Tn.st Svo. 


MODERN GEOGRATllY FOE SCHOOLS, 


EDITED BY WM. SMITH, D.C.L. 

]2tno. 



AUEMARLE STREEt, 
A^ril, 1874, 


MR. MURRAY’S 

LIST OF 

NEW WORKS 

LATELY PUBLISHED. 


THE MOON: 

COXSIDEKED AS A PEAXET, A AVOliEU, AND A SATELLITE. 

By JAMES NASMYTH, C.E., and JAMES CAKPENTEll, F.11.A.S., 

Late of the Royal Ob.scrvatorj", Greenwich. 

The 24 Illustrations of Lunar Ohject.s.riiononiona, and Scenery, have been produced from 
Drawin^.s made ^^ith the aid of i)owerfiil Telescopes. 

Xunieroas AVoodcut.s. 4to. SO-s. 

“ The illustrations to this hook arc so admirnhlc, so far be\ond those one generally gets of any 
celestial plieuonicnon, that one is tenipt(‘d to refer to them tirst of all. rfo more truthful or 
striking representations have ever been laid before his leaders, by any student of science." 

“But though I liaie given the fir-'t place to a gimeral reference to* the illustrations, I by no 
means intend thereby to imply that the text is of s<‘eondary importance. In fact, the more 
carefully the text is read, the more obvious docs it become that Mr. NasmUhhas used his 
drawings as a means to an end, and that he and Mr. Carnenter between them nave produced ii 
work which is not only a >ery iM'autiful and a \er\ nsidabie one, but one of some importance." 

“I trust I have said enough to induce all interested in physical problems to peruse this book 
for themselves ; it is altogether an admirable production, and if space permitted, each picture 
would merit a special paragraph."— J. Normax Lockykii, F.ll.S., in 'Nature,* 



THREE ESSAYS ON THE MAINTENANCE OF 
THE CHURCH OF ENGLAND AS AN 
ESTABLISHED CHURCH. 

By Rev. CHARLES HOLE, B.A.— Rev. R. W. DIXON, M.A.— and 
Rev. JULIUS LLOYD, M.A. 

TO WHICH MR. PEEK’S PRIZES WERE AWARDED. 

Svo. llV. G(L 

These admirable and vigorous essays rooiiirc few w^oihIs to introduce and recommend them 
to the great body of its members. They are all admirable in point of style, clearness of argument, 
and moderation of tone. The three Essays taken together may be fairly considered as 
exhaustive of the whole subieet, and os furnishing a complete armoury of defence for futuif 
orators and writers."— 
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MB. MTJBEAY’S LIST OP NEW WOBKS. 


THE TALMUD & OTHER LITERARY REMAINS 
OF EMANUEL DEUTSCH. 

WITH A BRIEF MEMOIR. 

Contents : 

Roman Passion Diiama. 

SkMITK^ PAL.EO(;ilArilY, CULTL’IIE, AND 

LaNGUA(.KS. 

Sa M a I! n A N r KN 1 A f EUCn. 

The TAU(,rM<. 

I^OOK OK JasHKII. 

Akaiuc Pueiuv. 

Svo. 12 a. 

♦ 

LIFE AND DEATH OF JOHN OF BARNEVELD, 
ADVOCATE OF HOLLAND. 

INCLUDING THE HISTORY OF THE PKIMAKY CAUSES AND 
MOVEMENTS OF “THE THIRTY YEAllS’ WAP.” 

By JOHN LOTHROP MOTLEY, D.C.L, 

Author of the “ Ilisc of the Dutch Rciiubli' /’ A'c. 

With Illu.st rat ions. 2 vols. *J8 a’. 

Frotn Revi'e des Dkvx Moxdks, Aprily 1874. 

“Le nouve! oumge dc M. Motley est la suite de I’liistoire de la Foadatina de la Rtptthli<pt6 
de Provinces- Vnit8y et I’on y retmuye les mthnes qualite*^, Tart de peindre, la profcndcur dcs 
rues, une chaleur genercuse, une ironie puissante. 

“En depit de son titre, le lirre de M. Motley ire<»t pns un(‘ siniple biograidiic. Banieveld 
est la figure autour de laq^uelle il a groujM' rin‘^toirc dc 1’ Europe ; les drneehes inedites du 
grand avooat de Ilollande Iiii ont fourni le** t'hunens d’un ouvrago ou la rieliesse, la profusion 
des details, ne font que jiar instant.s di'^paraitre un<* trame forte et unie. M. Motley a pu 
pendant plusieurs aniiee.sfouiIler h's an hive‘< de la Ha\e; dans leur poussiere, il a su rctrouver 
fes fill embrouilles de la diplomatic la plus sarante.” 


Thk Talmitd. 

Islam. 

Egypt, Ancient and Modern. 
Hekmes Trlsmegistus. 

JUDEO- All ABIC MeTAPH YMC.s. 

Renan’s “Les Apotiies.” 

The (Ecumenical Council. 
Apostolicj: Sedis. 


LIVES OF THE CHIEF JUSTICES OF ENGLAND. 

From the Norman Conquest to the Death or Lord Tenterden. 

By LORD CAMPBELL, LL.D. 

Third F/Ution, 4 vols. Croism Svo. (>,v. eaeli. 

Uhiforrii nith Curapheir« “Lives of the Lord ClmiieellorA. ” 

“There is in Lord Campbell^s works much instruction ; his subjects have been so happily 
selected, that it was scarcely jKWsiblc that there should not be. An eminent lawyer and 
statesman could not write the hves of ^;reat lawyers without interweaving curious infonnation 
and suggesting valuable principles of judgment and useful practical maxims. Their piindpal 
merit is their easy, animated flow of interesting narmtlre.*'— Meriru\ 



MR. MXJEEAT’S LIST OP NEW WORKS. 


n 


RESULTS OF CHRISTIAN MISSIONS IN INDIA. 

BY SIR BAllTLE FRERE, G.C,S.I., K.C.B., D.C.L., 

Member of tbe Council of India and President of the Royal Geographical Society, 

Third Editiotu Post 8vo. 2y. 6c?. 


HISTORY OF THE CHRISTIAN CHURCH. 

Fkom the Apostolic Times to the Reformation, 1517. 

Br J. CRAIGIE ROBERTSON, M.A., 

Canon of Canterbury, Professor of BJcclesiastieal History, King’s Coll., London. 

A yew and Popular Edition, Yols. I. & II. (To be completed in 8 vols.) Post 8 fo. 

6,9. eacli, 

^ 

HISTORY OF THE MODERN STYLES OF 
ARCHITECTURE. 

Bv JAME,S FERGUSSON, D.C.L, F.R..S., 

Fellow of the Royal Institute of British Architects. 

Second Edition, With 330 Illustrations. Medium 8 vo. 315. 6 i. 

♦ 

PERILS OF THE POLAR SEAS. 

STORIES OF ARCTIC ADVENTURE TOLD BY A MOTHER TO HER 

CHILDREN. 

Bv MR.S. CHISHOLM, 

Author of “ R.uia ; or, .‘^torics of a Frog,” kc. 

AVitli 20 IlliLstratioiis. Small 8 vo. 65 . 

“ Mrs. Chisholm brings down the history to the discovery of the remains of Crozier and the 
other ill-fated eompanions of Franklin. As long as boys care for books of adventure, and 
prefer those wliiuli are true, a work of this kind will be valuable ; while as a comparativelj 
nrief and succinct account of events which caused a most profound sensation in England.in their 
day, it has an interest for all who admire heroism.”— 

f 

THE NATURALIST IN NICARAGUA. 

A NARRATIVE OF A RESIDENCE AT THE GOLD MINES OF CHONTALES ; 
AND OF JOURNEYS IN THE SAVANNAHS AND FORESTS ; 

With Ob.sekvation.s on Animals and Plants. 

By THOMAS BELT, F.G.S. 

With Illustrations, fo&t 8 vo. 125, 
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ME. MUEEAY’S LIST OP NEW WOEKS. 


DR. WM. SMITH’S ANCIENT ATLAS. 

PARTS I. TO in. (to be completed in Five Parts.) 


Contents : 

The Biblical Maps are Printed in Italics. 


The Holy Land {Xorthrni Dinsioii), 
Hidorical Maps of the Holy Land. 

Greek and Phcenician ( ’olonies, 

Gallia. 

Italia Superior. 

Italia Inferior. 

Greece after the Doric Mif^ration. 

Greece at the time of the Persian AVars. 
Jerusalem {Ancient and Modern). 

Chores of the Mediterranean. Sf. PnuVs 
Travels. To tllustratc Xcw Testament. 
Peloponnesus. AVith Plan of Sparta. 
Shores and Islands of the /E^ean Sea. 
Greece at the time of the Pelojonnesian 
AVar. 


Greece at the time of the Aeh.Tan League. 
Emjdre.s of the Babylonians, Lydians, Medes 
and Persians. 

Empire of Alexander the Great. 

The AV(»rld as known to the Ancients, 
nispania. 

Northern Greece — Hellas, Epirus, Thes- 
salia, Macedonia. 

Central Greece — Attica, Iheotia, Locri.^, 
Phoci.s, l>ori.s, Malis, Plans of Athen->. 
Ili.^torical Maps of A.sia Minor. 

The Holy Land {Southern Division). 

Map of Asia. To illustrate the Old Testa* 
ment and Classical Authors, 

21^. each. 


Folio. 

Parts lAL and A^, comjdeting the AVork, arc nearly icudy. 


•f 


THE ADMINISTRATION OF JUSTICE UNDER 
MILITARY AND MARTIAL LAW. 

Br CHARLES M. CLODE, 

Of the Inner Temple, Barri«tcr-at-Law, and Solicitor to the " War Department,” 

Second Edition, gvo. 12^, 

— — -<♦ — 

UNIVERSITY SERMONS. 

PREACHED AT CAMBRIDGE DURING THE YEARS 1845-61. 

Br THE LATE J. J. BLUNT, B.D., 

Margaret Profeesor of Divinity. 

Post 8vo. Cs, 

• 

NEW JAPAN ; THE LAND OF THE RISING SUN. 

Itb Axkalr DuiiiNo THE PAST Twentt Years; recording the Remarkable 
Progress of the Javanese in AiVestern Civilization. 

By SAMUEL MOSSMAN, 

Author of “ China ; Ite Hiatoiy, InhaMtant^, &c.'’ 

Map. 8 VO. 15«. 
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MR. MURRAY’S FAST OF NEW WORKS. 

A CHILD’S FIRST LATIN BOOK. 

INf'I.UDINO A FUI.L PRAXIS OF NOFN.S, ADJECTIVES, 

AXl) PUONOUXS. 

By TIIEOBHILU.S D. JIALL, M.A., 

IMlow of I’liivcmty C'llloiTo, London, iindjuint Authoi with Dr Win Smitii of “ An Eiiglisli- 
l.itin Dictionary,” “Student’s Latin (Inmimar ’ 

Itinto. U. 


^ 

A SMALL COUNTRY HOUSE. 

\ IIlMKr PILVLTKWL DISCOniSK oX THE PLANNIXO OF A KESIDEXCE 
TO ('OST FROM £2d{Mi TO £.:;ond. 

Wirif St i’i’i.[..MLNiAKv Emimajj,^ TO £7d0u. 

]W ROBERT KERR, AR(THTE(T, 

Autlio! <if • Tl.c I!ngli-.h (untlciiian’s House ’ 

121110 . ON. 


♦ 

MONOGRAPHS PERSONAL & SOCIAL. 

i;v i.oiii) iiorciiTox. 

>SVmoo/ AV/Z/ow. ]'(»i ( r.iits. Cr<»wn Svo. lOv. Gil, 


THE MOSEL. 

A SERIES OF TWEXTV ETCIIlXlLS, WITH DESCRIPTIVE LETTERPRESS. 
By KUNE.ST CEOROK, Aia’iuriccr. 

.^’ii);ill folio, li-.-. 


THE HARVEST OF THE SEA. 

A IlISTORV (tF liUITISlI FOOD FISIIF.S, IXCLUDINO SKETCHES 
OF FISHERIES AND FISHER FOLK. 

By JAMES G. BERTRAM. 

Tliiril, Jidhioii, AVitli 50 niustr.atum.s. Po.st Svo. O,?. 
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ME. MUEE/VY’S LIST OF NEW WOEKS. 


HISTORY OF THE ROYAL ARTILLERY. 

COMPILED FROM THE ORIGINAL RECORDS. 

By major FRANCIS DUNCAN, R.A., 

Supcriiitcndciit of tbe Regimental Records, 

Srco/id Edition. 'With I'ortrnits. *2 vols. 8vo. 30.f. 

A few Copies of Yol. II. may still be had separate!}. 


THE LAND OF MOAB. 

TRAVELS AND 1)ISC0VERIE.S ON THE EAST SIDE OF THE DEAD SEA 

AND THE JORDAN. 

By H. B. TRISTRAM, M.A., LL.D., F.R.S., 

Canon of Duihanij and Antlu'r of 'Hic Land of I.smel,” “ >atnr.tl History of the Bible " 

AVith Map and Pltile". I'o'd Svo. liTv. 

SHADOWS OF A SICK ROOM. 

Small 2^. Co/ 

“A little book, e\i(biitl\ tin ]<rodiDti‘tn ot a man of d((*p and, thoiouKh jnetv, vet so 
cultivated that lll^ tliou^jht.-' when unto death ha\< thrown them^'idvcH into ifetiidte 

fonn, and shaped tli( iii.‘iehes int«t that older kind ol ‘^tati liet . or s aiie now -a-da\ s Ka\, of 
stifler eloquence, towhnh we me aMU<toin(d in Suuth, and in a h w of those lialt-forgottcn 
nnusterpicees of tln‘ Lmrh''h Chiir<-h. 'J'lie eloijuri,. < . ho\\«-\( i, not artili< lal l»ut nouis itnelf 
out, if it wen*, like ))Ot*ti\ ton jaut, tin lational inMib of t ot tin mind when heated 

with a sense of the neanie^.'* of tin* Dniiie. 'ihen-i'* in thi-. xohinn* imn h of the eliarin 
derived b\ set many niind^ fi om ‘ II p( n^i ro'o.’ ” — Spattift ,, . 

THE SPEAKER’S COMMENTARY ON THE BIBLE. 

EXPLAXATOKV AND ('BITICAL. 

By BJSHOPS and CLEUGV of nu: ANGLICAN CIIUIUJIL 
Edited by F, C. COOK, M.A., (L\nox or Exeter. 

Vni.s, I. rn IV. Medium Sv". 

• 

the MINOR WORKS OF GEORGE GROTE. 

WITH CRITICAL REMARK.^ ON HLS INTELLECTUAL CHARACTER, 
WRITING.S, AND SPEECHlvS. 

By ALEXANDER BAIN, LL.D. 

Y'ith Portrail. 8vo. 14^. 



MB. MUBBAY’S LIST OB NEW WOBKS. 
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PROVERBS; OR, WORDS OF HUMAN WISDOM. 

Collected and Arranged by E. S. 

AVitii Pheface by H. P. LIDDON, D.I)., Canon of St. Paul’s. 

Fcap. 8 VO. ds. CyJ, 

^ 

MEMOIR OF WM. ELLIS, MISSIONARY 

IX THE SOUTH SEAS AXI) IX MADAGASCAR. 

By his son. 

With an Esiimme ui Ciiauacieu and Work ta' Rev. Henry Alton, D.D. 

P()Uiait. 8vo. lO.v. (j(K 


THE NATURALIST ON THE RIVER AMAZONS. 

WITH SKETCHES oF ERAZILIAX LIFE, DURIXG ELEVEN YEARS 

CF TRAVEL. 

By il. AV. BATES, 1MI.G.S. 

TJn'rd Ed<hov, with Illu.stralions. Post Svo. 7s Od, 

Forming llu* Now AC)]uni»* of Murrays Smos of Popular TravcL and Adventures. 


4. 


SIGNS AND WONDERS IN THE LAND OF HAM. 

A DI'XTUITION THE TeN PLVCtVES OF EoYRr, WITH ANTTENT 
AND i\IoDEHN Parallels and Illustrations. 

By Rev. THOMAS S. MILLINGTON, 

Vicar of Woodhousc Eaves, Loughborough. 

With WoodcuLs. Post 8vo. 7s, OW. 

“ The idea of this volume is av('11 conceived, the object being to gather up from fragmentary 
records illustrations and contirmations of the truth of the Scripture narrative of the Exodus of 
Israel, and the result is a very serviceable and intcreatiiig commentary for popular use on this 
portion of God’s Word/* --C/irisfian Observer. 

“An excellent example of a learned work in a popular form, exhibiting unmistakable signs 
of sound scholarship, accurate theological knowledge, and extensive research .” — Church 
lievieu'. 
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ME. MUEE.\'£’S LIST OF NEW WOEKS. 


LECTURES ON THE GEOGRAPHY OF GREECE. 

Ev H. F. TOZER, M.A., F.11.G.S., 

Exeter Coll , Oxford ; Author of “ Researches in the Highlands of Turkey." 

Post Svo. 

‘‘Tlie objects of iheworkaix' to enabl(> students to form a more real conception of tlu* country 
from one who has travelled oier most of it to give a htief surnmaiy of the principal physical 
conditions by which tlie Greeks were intiiuaieed, and to sketch the connection of the gi'ogiuphN 
and the history.” — Atdhoi's IW/acr. 


HORSE-SHOEING; 

AS IT IS, AND AS IT SHOULD BE. 
Bv WILLIAM DOUOLA.S, 

Late of lolh llu.ssars. 

AVith CobmiT'd and AVocxleuts. Post Svo. 7^. 


THE HISTORY OF ANCIENT POTTERY. 

EGYPTIAN, ASSYRIAN, GREEK, ETRUSCAN, AND ROMAN. 

By SAMUEL BIUC’H, LLD., F.S.A. 

Second Edition. AVith coloured Platc.s and ‘200 Woodcuts. 

Medium 8\o. 426-. 

Uniform with “Mantat’s M<«lein Pottery.” 


THE EXPRESSION OF THE EMOTIONS IN MAN 
AND ANIMALS. 

Bv CHARLES DARWIN, F.R.S. 

Eighth Thovfunid, With Illustrulions. Crown Svo. 125 . 

- - - ♦ - - 

AT HOME WITH THE PATAGONIANS. 

A VKAK’S WANDKRINO.S OVER UNTRODDEN GROUND FRO.M THE 
STRAITS OF MAGELLAN TO THE RIO NEGRO. 

By CAPT. G. CHAWORTII MUSTERS, R.N. 

Urcmd Edition. 'With Illuatratioiu. Tost Svo. 7*. 6d. 

Fiirmiii" a A^oliinie of “MiiiTay''' Popular Tmvcis .mil Ailvciitttro.s. " 
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THE PERSONAL LIFE OF GEORGE GROTE, 

HISTORIAN OF GREECE. 

Compiled from Family IJocrMKxrs, Private Memoranda, and Origlnal 
Leu Elis TO and from Various Friends. 

By MRS. (JROTE. 

Second Edition. ]\)rtrait. 8vo. 12.?. 

THE GEOLOGICM EVIDENCES OF THE 
ANTIQUITY OF MAN. 

iN(’Ln»IN(; AN OUTLINE OF GLACIAL POST-TEKTI APV GEOLOGV, 
AND lO’MAUKS ON THE ORKHN OF SPECIES, 

Wllll SPECIVL REFERENCE I O M VNN FIRRP APPJ-ARANCK OX THE KARIII. 

By sir CHARLES LYELL, F.R.S. 

J'oiirfh Edit ion, lurised. Illustrations. Svo. 145. 

“ Till' F irn'I Part is (Irv.ilcd to the ‘ Geoi.ouic vl Mem()Riu,> of M\n*.’ 

“The Second P\Rr on the ‘Gl\(t\l Period’ betivs strictly on the ([iiestion 
wlu‘t]i(*i niuii IS juv-^lacial oi post-^lai ial. 

“ Tlio Third Part treats of tin* ‘Opjoin of Siu'aif.s’ with refereiict' to ‘ M vn’s 
PLVI E IN NaIFRE .’" — A ndior\s PtrUu'f . 


SOCIETY IN FRANCE BEFORE THE 
REVOLUTION OF 1789. 

AND OX THE CAUSES WHICH LED TO THAT EVEXT. 
By ALEXIS DE TOCQUEVILLK, 

Member of the French Aciulerny. 

Tu.vNSL\TEn BY JlKNllY REEVE, D.C.L. 

AVif Edition, Odiitaiiiiiig Adilitiuiial Cliiii'tcrs. Svo. 14s. 


NOTES OF THOUGHT. 

By tub late CHARLES BUXTON, M.P. 

Pieccded by tt Biographical Sketch. By REV. LLEWELLYN DAVIES, M.A. 
Portrait. Crown Svo. IO. 9 , 6d. 
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ME. MUEEAY’S LIST OF NEW WOEKS. 


HANDBOOK TO THE WELSH CATHEDRALS. 

LLANDAFF, ST. DAHD’S, BANGOF, AND ST. ASAPH. 

By R. J. king, B.A. 

Elaborate Illustrations from original Drawings and Pliotogi’aidis. (b*own 8vo. 
roMPLETi.N(j Tin: rATHEim\i.s OF i:n<;lani) and "WALF/.^. 


LETTERS, LECTURES, AND REVIEWS. 

Ikclvding the PIIKONTISTEFION, ok OXFORD in the 19tu CENTURY. 

By JI. L. MANSEL, D.D., 

Late Dean of St rani's, and Author of “ The LiinitH of Kciigiou.^ Tlunight Examined ’’ 
Ei.ited by henry W. CHANDLER, M.A., 

I'ciahroke College, Oxlurd. 

S\o. LJs’. 

- - - 

RECORDS OF THE ROCKS; 

A .SEKIF.s OF NUI'Ks ON 

THE GEOLOGY, NATURAL HISTORY, AND ANTIQUITIES OF NORTH 
AND SOUTH WALES, DEVON, AND CORNWALL. 

By rev. W. >S. SYMONDS, F.G.S. 

■\Vith numerous IllustiMtions. Crown Svo. 12a'. 


THE TONGUE NOT ESSENTIAL TO SPEECH. 

WITH ILLUSTRATIONS OF THE POAVER OF SPi.ECH IN 
THE CASE OF “THE AFRK’AN CONFES.SoRS.” 

By the HON. EDWARD TWLSLETON. 

Po.st Svo. 0*.':. 

♦ 

ETRUSCAN INSCRIPTIONS. 

ANALYZED, TRANSLATED, AND COMMENTED UPON. 

By the earl OF CRAWFORD AND BALCARUES, 

Author of Livea of the Lindsays,” “ Progrcaslon hy Antagonirtin,” A’c. 


8 VO. 12?. 
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THE LONGEVITY OF MAN; ITS FACTS AND 
ITS FICTIONS. 

Inclvdinc; an Enquiiiy into some of the moiie Eemaekable Instances, and 
Sttjckstions Foil Testing PiEputed Cases, Illustrated by Examples. 

By william J. THOMS, F.S.A. 

Deputy LibravLui. House of Lortls, 

PostSvo. 109 . M. 


THE LETTERS AND JOURNALS OF THE LATE 
EARL OF ELGIN, 

(;ovi:i;n(»i; or caxada, liiiiiisii exvoy to china, and 

OoVEIfNOlDGKNEKAL OF INDIA. 

Editki) by THKODOHE MLVLROND, (AB. 

DlifiOih 8 vo. IL. 


THE EASTERN CAUCASUS, THE CASPIAN, 
AND BLACK SEAS. 

AND THE FRONTIEILS OF PEPSIA and TUIiKEY. 

By LIEUT.-GEN. SIR ARTHUR CUNYNGHAME, K.C.B. 

^lap and Illustrations. 8 vo. IS.s*. 


THE BENGAL FAMINE. 

now IT WILL BE AIET, AND HOW TO PKEVENT FUTURE FAMINES 

IN INDIA. 

BY SIR BARTLE FRERE, G.C.S.L, K.C.B., D.C.L., 

Member of the Indiiin Council. 

5.9. 


Willi Ma]>s. Crown 8 vo. 
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ME. MUERAV’.S LIST OF NEW WoElvS. 


THE NATIONAL MEMORIAL TO 
THE PRINCE CONSORT AT KENSINGTON. 

Illustkatei) by lU Eiigmvin^^s in Line, Mezzotint, Colours, and Wood, of tlie Monii- 
ineiit, its Architei tiire, Deeoralions; Sculptured Groups, St.itues, Mosaics, AIetal-\vork, 
&c., designed and executed by the most eminent Ihitish aitists. With Descriptive 'IVm. 

Bv DOYXK (\ BKI.L 

Folio. Al'J l'2s, 0 /* cor/ (oy/zts m /</// mo/nati, tbs ISn, 


A BRIEF MEMOIR OF 
THE PRINCESS CHARLOTTE OF WALES. 

WITH SKLUTloXS FROM Hi:i; (oRRKSi'ONDI'.Nt L AND oTIIKK 
rXlH'LLISlILi) FAFLRS. 

BY THE LADY BOSK WllIiiALL. 

Edition. All (higii.al Fort!. at by Stewart i’osi G-/. 


ROMANO LAVO-LIL; 

WUKD-lJuOlv OF THE ROMANY, Olt ENGLISH (,V1‘SV L\Nt.r\GL. 

Witli many ]*ieocs in (Jvi'sv illu>trativc of the way of speakim^ and tiankin^: oi the 
Enoi.ish Gvr.siEs ; also Si-JaiMESs of their Foiiio, and an Acuinl ol {'itaui 
GYrsvhlE", or places inhabited by them, Ac. 

By (iKOUt.K BOBBDW, 

Author of “The (tepMc^ of S]k.un,” “ Ihc im>le m Npiin,” tkr. 

I^ost 8 VO. inv (](/, 


PERSONAL RECOLLECTIONS, FROM EARLY 
LIFE TO OLD AGE. 

Bv MARY SOMERVILLE. 

WITH .SELECTIOXS FROM HER C(JRRESr().\l)E.V(;E. 

iiy jieu Dauoh'iek. 

fourth Thousand. Portrait. Crown 8vo. IJf 
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